November 25, 2016

EPA-HQ-OW-2016-0438

Air and Radiation Docket

United States Environmental Protection Agency
1200 Pennsylvania Avenue, NW

Washington, D.C. 20460-0001

Subject: Request for Public Comments To Be Sent to EPA on Peer Review Materials To
Inform the Safe Drinking Water Act Decision Making on Perchlorate
[81 FR 67350, September 30, 2016]

NASA thanks EPA for the opportunity to provide comments, issues, and requests during the
public comment period for the proposed Perchlorate model. NASA reviewed the proposed model
and identified procedural, as well as, general and specific technical issues summarized below.
These comments are intended to target gaps and approaches, which if addressed, will improve
the efficacy and applicability of the model used in the development of an MCL for Perchlorate.
NASA supports sound science as a foundation for regulatory action and appreciates EPA’s
consideration of this and all other input during the public comment period.

NASA requests EPA address specific procedural issues that impacted on the ready identification
of scientific and technical issues during this review process. Independent, rigorous peer review
provides the best method to consider and address emerging scientific or technical disagreements.
EPA’s decision to separate the draft peer review charge questions from the public comment
review of the model hampered the reviewer’s ability to link issues with the model with the
crucial direction provided to the peer review process. The peer review charge questions were
subjected to a shorter comment period with EPA providing little clear direction on how specific
critical issues identified in the actual review of the proposed model, in subsequent public
comment, would be considered during peer review.

In addition, EPA stated that its contractor, Versar, would summarize the public comments that
would be shared with the peer reviewers. Such an approach limits the peer reviewers’ ability to
see the depth and range of public comments for consideration This practice is contrary to the
open and complimentary provision of all public comments for reviewers. Independent, rigorous
peer review provides the best method to consider and address emerging scientific or technical
disagreements. Versar would also summarize the peer reviewers’ comments and draft the final
peer review report. Generally, an independent peer review report is drafted by the participating
members. EPA’s approach with the lack of clear direction, support for open sharing of
information and the peer reviewers’ control over their deliberations presents a troubling approach
that threatens to cripple the independent and informed nature of peer review for the proposed
Perchlorate model. Also EPA has not indicated how the proposed peer review of the model
would be considered. EPA is silent on whether the peer review serves as a majority report,
delineating next steps or simply a collection of opinions (often referred to as a letter report) for
EPA to consider. NASA again stresses the value of a rigorous, independent peer review to
address outstanding scientific and technical issues in the development of sound policy and
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regulatory actions. We request EPA provide clear direction and transparency for a robust and
effective peer review of the proposed Perchlorate model.

NASA also submits comments on scientific and technical issues identified in the review of the
proposed Perchlorate model. This review serves to raise major issues to EPA with the request
for response or the incorporation of outstanding issues into the peer review process for
appropriate resolution.

Primarily, NASA notes the significant contributions and technical expertise for PBPK modeling
of Perchlorate provided to EPA by Food and Drug Administration (FDA) and Department of
Defense (DoD) scientists and researchers. We strongly suggest EPA give focused consideration
to the technical issues raised by these experts in the FDA and DoD public comments. In a unique
partnering effort, EPA collaborated heavily with these experts in various phases of the
development of the proposed model. In support of the previous interagency collaboration, NASA
concurs with DoD and FDA on the scientific and technical issues identified during this public
comment period. We request EPA address outstanding gaps, issues, or need for clarification or
validation contained in the expert input found in FDA and DoD comments.

NASA identifies additional areas of concern. The first major issue is EPA’s fundamental
assumption of using hypothyroxinemia as the end point. NASA understands that the SAB took
this very conservative approach to target a specific condition not directly associated with a health
impact. However, EPA’s use of this endpoint in the proposed model lacks any substantiation in
the available literature, especially for critical criteria, such as the Mode of Action (MOA), links
to a disease state, or key thyroid endpoints. Additional questions arise over the relationship
between EPA’s estimation of Perchlorate exposure and the likely relevant Perchlorate exposures.
EPA is strongly encouraged to request peer review and suggested approaches to strengthen the
proposed model, based on expert opinion and alternative literature-supported approaches,
especially in the consideration of the roles of TSH, T3, T4 hormones on the impacts on the
thyroid in the presence of Perchlorate. The proposed model serves as the basis for far-reaching
regulation and would greatly benefit from rigorous, scientific reflection of the peer-reviewed
literature.

Second, NASA’s review identified the need for formal calibration of the proposed model, crucial
steps to ensure scientific integrity. EPA notes that the proposed model is calibrated (refer to
Pages 27-29 and 60-68) but lacks documentation to support this fundamental step. EPA needs to
provide this documentation to the peer review panel for consideration and should make this
determination public in the peer review report.

Third, an independent evaluation and validation of the model is critical to truly understanding the
strengths, weaknesses and opportunities to improve the model in application. Questions over the
proposed model’s ability to track with results in existing literature further fuel the need for an
independent validation. Currently EPA does not expressly request, via the proposed charge
questions, that the peer reviewers conduct model validation but should expand the peer review
charge questions to explicitly ensure model validation with substantiating documentation.
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Fourth, EPA incorporated numerous assumptions and alternative approaches throughout the
proposed model. Among these assumptions are contentious issues, such as its consideration of
sensitivity, lack of application to the developing fetus (EPA’s decision to not target this potential
sensitive subpopulation runs contrary to the SAB direction), assumptions on the nature and
impacts of Perchlorate exposure in specific subpopulations, and rates of urinary clearance. EPA
does not adequately support these assumptions, further complicating the review by providing
contrary uses of existing data, such as from the Greer study (the basis of the National Academy
of Sciences report, “Health Implications of Perchlorate Ingestion, 2005). NASA strongly
suggests EPA use an open, rigorous peer review of the proposed model to consider and advise on
the nature and application of these and other critical assumptions in the formulation of the model.

Again, NASA thanks EPA for the opportunity to review and comment on the proposed
Perchlorate model. We strongly request that EPA consider and address the procedural and
technical issues identified, especially the strengthening of the rigor and independence of the peer
review process, the detailed technical issues raised by partnering DoD and FDA scientists,
clarification of the outstanding assumptions and lack of model calibration and validation. We all
support sound science in decision making and see these approaches as integral to the formulation
of a defensible and applicable Perchlorate model.
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Message

From: Christ, Lisa [Christ.Lisa@epa.gov]

Sent: 9/10/2019 4:26:53 PM

To: Burneson, Eric [Burneson.Eric@epa.gov]

CC: Hernandez-Quinones, Samuel [Hernandez.Samuel@epa.gov]; Khera, Rajiv [Khera.Rajiv@epa.gov]; Newcamp, Caitlin

[Newcamp.Caitlin@epa.gov]; Lombardi, Thomas [lombardi.thomas@epa.gov]; Alattar, Zaineb
[alattar.zaineb@epa.gov]; Huff, Lisa [Huff.Lisa@epa.gov]

Subject: draft summary of perchlorate public comments

Attachments: Perchlorate Comment Summary V1.1.docx

Eric,

Attached is a high level summary of the public comments received on the perchlorate proposal. OGC requested a
summary to prepare the notice to the court requesting an extension of the consent decree final rule deadline. Let me
know if you have questions or would like to discuss.

Lisa

Lisa Christ

Chief, Targeting and Analysis Branch

Office of Ground Water and Drinking Water
202-564-8354
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Abstract

The Department of the Army (PD Joint Services, Picatinny Arsenal) commissioned NASA-Ames
to fly their unmanned aerial vehicle (UAV), a hexacopter, into the plumes from open burning of
propellant and manufacturing discards at the Radford Army Ammunition Plant while carrying a
gas and particle sensor system designed and operated by the EPA Office of Research and
Development (ORD). Over a 2-week period the NASA/ORD team sampled 33 plumes,
determining emissions factors for particulate matter, metals, chloride, perchlorate, volatile
organic compounds, chlorinated dioxins/furans, and nitrogen-based organics. Results show
agreement with published emission factors and good reproducibility (e.g., 11% relative standard
deviation for PM2s). The UAS/sampler presents a significant advance in emission
characterization capabilities for open area sources, safely and effectively making measurements
heretofore deemed too hazardous for personnel or beyond the reach of land-based samplers.
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1. Introduction

1.1 Brief

The Radford Army Ammunition Plant (RFAAP) conducts on-site disposal of a variety of
hazardous energetic wastes via open burn pans located at the facility's open burning ground
(OBG). Data on potential combustion emissions and their emission factors are available only
from small laboratory and pilot scale simulations and their relevance to the RFAAP’s scenario-is
uncertain. To resolve this issue, the RFAAP asked the U.S. Environmental Protection Agency’s
(EPA) Office of Research and Development (ORD) to perform direct sampling and
quantification of the RFAAP's OBG emissions. ORD has considerable experience sampling
emissions from open burning and open detonation (OB/OD) of military ordnance and static
firing of rocket motors (for example, see Aurell et al. [ ADDIN EN.CITE
<EndNote><Cite><Author>Aurell</Author><Year>2015</Year><RecNum>4622</RecNum><
DisplayText>[ 1]</DisplayText><record><rec-number>4622</rec-number><foreign-keys><key
app="EN" db-id="0sdewwvzox921e2dt3p99p0sazsa2dxzve2"
timestamp="1422043961">4622</key></foreign-keys><ref-type name="Journal
Article">17</ref-type><contributors><authors><author>Aurell,
Johanna</author><author>Gullett, Brian K.</author><author>Tabor,
Dennis</author><author>Williams, Ryan K.</author><author>Mitchell,
William</author><author>Kemme, Michael
R.</author></authors></contributors><titles><title>Aerostat-based sampling of emissions from
open burning and open detonation of military ordnance</title><secondary-title>Journal of
Hazardous Materials</secondary-title></titles><periodical><full-title>Journal of Hazardous
Materials</full-title></periodical><pages>108-
120</pages><volume>284</volume><number>0</number><keywords><keyword>Munitions</
keyword><keyword>Emission factors</keyword><keyword>Open
burning</keyword><keyword>Open detonation</keyword><keyword>Static
firing</keyword></keywords><dates><year>2015</year><pub-dates><date>3/2/</date></pub-
dates></dates><isbri>0304-3894</isbn><urls><related-
urls><url>http://www.sciencedirect.com/science/article/pii/S0304389414008504</url></related-
urls></urls><electronic-resource-
num>http;//dx.doi.org/10.1016/j.jhazmat.2014.10.029</electronic-resource-
num></récord></Cite></EndNote>]). Since 2010, ORD has worked with the Department of
Defense’s (DoD’s) Joint Munitions Command (and their predecessor, the Defense Ammunition
Center), the Army Corps of Engineers, and the Defence Research and Development Canada -
Valcartier to sample OB/OD emissions at three sites in the US and Canada. ORD has developed
a suite of technologies for sampling an array of OB/OD emission constituents from both aerial
and ground-based sampling platforms. These sampling methods have been developed over the
last five years and include novel methods employing small sensors and samplers, necessitated by
the challenge of sampling within a plume located several hundred feet in the open air. To
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transport ORD’s emission sensors/samplers into the plumes, RFAAP entered into an Interagency
Agreement with the National Aeronautics and Space Agency, Ames Research Center (NASA
Ames) for them to pilot their hexacopter unmanned aerial vehicle (UAV).

1.2 Objective

The objective of this work was to characterize and quantify emissions from open burning of dry
propellant burns (MK-90 rocket motors) and so-called “skid burns”, which are a combination of
process wastes from onsite production operations. This skid waste is generally a combination of
energetic material, soil, gravel, and other foreign object debris (FOD). Skid burns are-what the
facility refers to as "assisted burns,” where the materials are placed on wooden skids, and nested
with dunnage and diesel fuel to promote burning. Quantification of the emissions includes
determination of emission factors relating the amount of compound emitted to.the amount
present in the original material.

2 Materials and Methods

2.1 Test Site Location and Description

The sampling was conducted at the Radford Army Ammunition Plant (RFAAP) in the mountains
of southwest Virginia, approximately five miles northeast of the city of Radford, Virginia.

RFAAP lies along the New River in the relatively narrow northeastern corner of the valley.
Approximate GPS coordinates are 37.1925 N,.80.5233 W. Figure 2-1 shows an overview of the
RFAAP burn pan site.

Figure [ STYLEREF 1 \s [-[ SEQ Figure \* ARABIC \s 1 |. Overhead View of RFAAP Burn Pan
Site.

2.2 Test Ordnance and Test Schedule
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Two fuel sources were sampled: dry propellant burns (MK-90) and skid burns (two types). The
test schedule is shown in Table 2-1. The composition of these fuel sources, particularly metals,
is critical toward assessing the environmental fate of the constituents. Knowledge of the carbon
content of the fuel is required for determination of emission factors, as explained in [ REF
_Ref479321549 \r \h ], below.

Table [ STYLEREF 1 \s [-] SEQ Table \* ARABIC \s 1 ]. Test schedule, amount of total pan load
and amount of waste burned per test day.

09/28/2016 Skid waste: Type 1 3 3,254 (1,479) 1,620 (736)
09/29/2016  MK-90 5 3,000 (1,364) 3,000 (1,364)
09/30/2016 Skid waste: Type 2 2 1,589 (722) 500 (227)
10/03/2016 ~ MK-90 5 3,000 (1,364) 3,000 (1,364)
10/04/2016 Skid waste: Type 1 3 3,254(1,479) 1,620 (736)
10/05/2016  MK-90 5 3,000 (1,364) 3,000 (1,364)
10/06/2016 Skid waste: Type 2 2 1,589 (722) 500 (227)
2.2.1 MK-90

The MK-90 composition was constant for all burn tests. Each burn pan charge was comprised of
99% MK-90 and 1% NRE contaminated waste, by weight. The total carbon fraction is shown in
Table 2-2

Table [ STYLEREF I'\s [-[ SEQ Table \* ARABIC \s 1 ]. Carbon fraction of “MK-90"" burns.

Total fractions from MK-90 and NRE cont. 0.25

2.2.2 Skid Waste

Two different types of skid waste compositions were tested as shown in Figure 2-2. The main
difference between the two skid waste types were the chlorine, lead, copper, and chrome
fractions. Skid waste type 1 was designed to be a high chlorine burn and skid waste type 2 was a
high metals burn. The majority of the carbon in the skid waste originated from the wood pallets
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(Table 2-3). Both skid waste types contained the same number of wood pallets, however, skid
110 waste type 2 contained 26% more carbon than skid waste type 1 due to a higher mass fraction of
pallets (less waste mass in type 2).

Skid waste, type 1:9/28/2016 and 10/04/2016 Skid waste, type 2:9/30/2016 and 10/06/2016

Cardboard, ... Pit#1, 4.3%

0.28% Cardboard, 0.38% ) Pit#4, 5.9%

Pit#2, 13.0%
Pit#5, 11.8%

_..Pit#3, 4.3%

.Pit#6, 11.8%
Grucci whistles,

4.3%
MCA-LAP Tracer NRF
slum, 13.0% .Contaminated,
1.5%
. NRE 1 filters,
2.8% Diesel, 5.2%

Diesel, 3.8%
NRE Contaminated, 7.1% ™.

Figure [ STYLEREF 1 \s [-[ SEQ Figure \* ARABIC As+#]. Composition of the two types of skid
115 wastes tested, tvpe 1 (left, total mass 3,254 lbs.) and tvpe 2 (right, total mass 1,589 Ibs.).

NRE tape, 0.92%

Table [ STYLEREF 1 \s [-[ SEQ Table \* ARABIC \s 1 |. Skid waste carbon and metal fraction.

Skid waste Pallets 46% 0.502% 0.23
Type 1 Cardboard 0.28% 0.46° 0.0013
09/28/2016 Dicsel 3:8% 0.86° 0.033
and Pit#1 4.3% 0.017¢ 0.00074
10/04/2016 Pit #2 13% 0.0464 0.0059
Pit #3 4.3% 0.414 0.0018
Grucci whistles 4.3% 0.164 0
MCA-LAP Tracer slum 13% 0.00034 0.000043
NRE 1 filters 2.8% 0.0134 0.00035
NRE tape 0.92% 0 0.00016
NRE Contaminated 7.1% 0.046¢ 0.0032
Total Carbon fraction 0.28
Skid waste Pallets 63% 0.502° 0.32
Type 2 Cardboard 0.38% 0.46° 0.0017
09/30/2016 Diesel 5.2% 0.86° 0.045
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and Pit #4 5.9% . 0.0031
10/06/2016 | Pit#511.8% 0.038¢ 0.0045
Pit #6 11.8% 0.0564 0.0066
NRE Contaminated 1.9% 0.0464 0.00086
Total Carbon Fraction 0.38
2] ADDIN EN.CITE

<EndNote><Cite><Author>Ragland</Author><Year>1991</Year><RecNum>4828</RecNum><DisplayText>[2]
</DisplayText><record><rec-number>4828</rec-number><foreign-keys><key app="EN" db-
1d="0sdewwvzoxf921e2dt3p99plsazsaldxzve2” timestamp="1491401881">4828</key></foreign-keys><ref-type
name="Journal Article">17</ref-type><contributors><authors><author>Ragland, K. W.</authgr><author>Aerts,
D. J.</author><author>Baker, A. J </author></authors></contributors><titles><title>Propertics of wood for
combustion analysis</title><secondary-title>Bioresource Technology</secondary-title><i/titles><periodical><full-
title>Bioresource Technology</full-title></periodical><pages>161-
168</pages><volume>37</volume><number>2</number><keywords><keyword>W sod</keyword><keyword>co
mbustion</keyword><keyword>fuel
properties</keyword><keyword>modeling</keyword></keywords><dates><year>1991</year><pub-
dates><date>1991/01/01</date></pub-dates></dates><isbn>0960-8524</isbn><urls><related-
urls><url>http://www.sciencedirect.com/science/article/pii/096085249 190205 X </url></related-
urls></urls><electronic-resource-num>http://dx.doi.org/10.1016/0960-8524(91)90205-X</electronic-resource-
num></record></Cite></EndNote>]

®] ADDIN EN.CITE

<EndNote><Cite><Author>Aurell</Author><Year>2016</Y ear><RecNum>4827</RecNum><DisplayText>{ 3 |</
DisplayText><record><rec-number>4827</rec-number:<foreign-keys><key app="EN" db-
id="0sdewwvzoxf921e2dt3p99plsazsadxzve2"” timestamp="1491401241">4827</key></foreign-keys><ref-type
name="Report">27</ref-type><contributors><authors><author>Aurell, Johanna</author><author>Gullett,
Brian</author></authors></contributors><titles=><itle>Characterization of Emissions from Open Burning of Meals
Ready-to-Eat and their Paperboard Packaging</title></titles><number>EPA 600/R-
16/220</mumber><dates><year>2016</y¢ar></dates><pub-location>U.S. EPA</pub-location><urls><related-
urls><url>https://nepis.epa.gov/Exe/ZyPDF:¢gi/P100PZ6F PDF?Dockey=P100PZ6F . PDF</url></related-
urls></urls><access-date>Accessed April 5, 2017</access-date></record></Cite></EndNote>]

¢ Calculated using molecular formula. CioHys and density 0.832 kg/L.

¢ Analytical measured data from BAE.

2.3 Testing Procedures

2.3.1 Target Analytes and Collected Target Analytes

The target analytes are listed in Table 2-4. The full list of target VOCs are listed in Chapter 2.4.5.
CO; and CO were successfully measured continuously through all burns. The total number of
target analyte samples collected for each type of waste are shown in Table 2-5.

Table [ STYLEREF 1 \s [-[ SEQ Table \* ARABIC \s 1 ]. Target Analytes

CO; Non-dispersive infrared Continuous

CO Electrochemical cell Continuous
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PM,5* Impactor, Teflon filter Batch
Nitrocellulose Glass fiber filter Batch
Nitroaromatics Glass fiber filter Batch
PCDD/PCDF Glass fiber filter and PUF® Batch
Elements Teflon filter from PM; s batch filter Batch
Cr(VD Bicarbonated-impregnated MCE® filter Batch
HCI Na>COs coated quartz filter Batch
Perchlorate/chlorate  Quartz filter Batch
VOCs Carbotrap 300 Batch

*Fine particles in the ambient air with particles less than or equal to 2.5 pm in diameter.
b PUF - polyurethane foam plug.
¢*MCE - mixed cellulose ester.

Table [ STYLEREF 1 \s |- SEQ Table \* ARABIC s 1 |. Collected Target Analytes from MK-90
and Skid Wast

PMoys 5 2 7
Nitrocellulose 2 0 2
Nitroaromatics 4 0 4
PCDD/PCDF 0 4 4
Elements 5 2 7
Cr(VI) 5 3 8
HCl 0 6 6
Perchlorate/chlorate 0 6 6
VOCs 0 4 4

2.3.2 Unmanned Aerial Vehicle Based Sampling Method

Figure 2-3 shows the sampling instrumentation attached to the bottom of the UAV. This
combined systein was used for collecting air emissions from propellant plumes.
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Figure [ STYLEREL 1 \s [-[ SEQ Figure \* ARABIC \s 1 ]. UAV-Based Sampling Method

2.3.2.1 Unmanned Aerial Vehicle — U4V

Aerial sampling was conducted by a UAV operated by NASA Ames. NASA used a DJI Matrice
M600 UAV (Figure 2-4). It is a 6-rotor hexacopter with a 9.1 kg weight and a 15.1 kg maximum
acceptable gross take-off weight. Its maximum loaded flight time was approximately 13.5 min
whereupon the remaining battery charge was 40%. The UAYV can be controlled automatically or
by pilot-in-command modes and provides the operator a GPS display screen of location in real
time with a 2.4 GHz telemetry system. The M600 has an inertial measurement unit and GPS
with a return to base function at a preset charge threshold.

Figure [ STYLEREF 1 \s [-[ SEQ Figure \* ARABIC \s 1 ]. NASA’s UAV.

2:3.2.2 Kolibri — Sampling System

EPA/ORD’s sampling system called the “Kolibri” has been developed specifically for sample
collection of plumes from open combustion sources. There are two configurations of the Kolibri
primarily relating to the different sizes of the pumps needed for specific analytes. There are
duplicate models of both Kolibris configurations for redundancy, referred to as “Oden” and
“Balder” for the smaller unit and “Tor” and “Loke” for the larger unit (Figure 2-5). Because of
payload limitations on the UAV, it was not possible to sample all of the target analytes with all
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of the pumps on a single platform. In addition, one pump has to be used for multiple analytes
(PM2s or Total PM, Nitrocellulose or Nitroaromatics) and these can only be sampled separately.
Hence, the full suite of analytes could only be collected using both Kolibris with sampler
variations on each one ([ REF Ref471290627 \h ]). In addition, energetics and VOCs required
composite samples comprised of emission sampling from plumes of multiple burns. Because
each of these samples has to be collected separately with composite samples, the number of
repeat samples was limited. The Kolibri is capable of plotting real time CO; and CO data,
displaying sampling time and VOC sampling volume, while performing real time calculations to
estimate the total amount of gaseous carbon sampled for the energetic sample.

Figure [ STYLEREF 1 \s |- SEQ Figure \* ARABIC \s 1 ]. Kolibri Instrumentation, Oden and
Balder in foreground and Tor and Loke in background.

Table [ STYLEREF 1 \s [-[ SEQ Table \* ARABIC \s 1 |. Sampling instrumentation used during
each test day.

09/27/2016 MK-=90 Unit 4: Loke | Nitroaromatics/PM, s/Metals
09/29/2016 MK-90 Unit 4: Loke | Nitrocellulose/Cr(VI)

10/03/2Q16 MK-90 Unit 4: Loke | Nitroaromatics/Cr(VI)

10/05/2016 MK-60 Unit 4: Loke | Nitrocellulose/PM, s /Metals
10 | Skidwasic | Unit4:Loke | PCDD/PCDE/ HCl/Perchlorate/Chlorate
09/30/2016 Skid waste Unit 2: Balder | VOCs/Cr(VI)

10/06/2016 Skid waste Unit 1: Oden | VOCs/Cr(VD)

10/06/2016 Skid waste Unit 1: Oden | VOCs/PM, s/Metals
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2.3.3 Ambient Air Background Sampling

Ambient air background samples were collected upwind of the burn pan site after any MK-90
and skid waste burns were conducted. The ambient air background samples were collected with
the same instruments/methods as the emission samples as shown in Table 2-7.

Table [ STYLEREF 1 \s [-[ SEQ Table \* ARABIC s 1 |. Sampling instrumentations used during
ambient air background collection.

10/04/16 Unit 4: Loke 031 m? HCl1/Perchlorate
10/04/16 Unit 4: Loke 33m’ PCDD/PCDF
10/05/16 Unit 4: Loke 0.63 m’ PM, s/Metals
10/05/16 Unit 4: Loke 36m’ Nitrocellulose
10/06/16 Unit 4: Loke 35 m? Nitroaromatics
10/06/16 Unit 1: Oden 0.48 m’® Cr(VI)

10/06/16 Unit 1: Oden 0.0058 m? VOC

2.4 Emission Sampling and Analytical Methods

24.1 CO:

The system CO2 sensor (DX62210/DX6220 OEM Model, RMT Ltd, Moscow, Russia} measured
CO: concentration by means of non-dispersive infrared absorption (NDIR). The
DX62210/DX6220 CO» concentration was recorded on a standard secure digital (SD) card ata
rate of one sample per second(1 Hz). The DX62210/DX6220 was calibrated for CO, and
checked for drift on a daily basis in accordance with EPA Method 3A [ ADDIN EN.CITE
<EndNote><Cite
ExcludeAuth="1"><Year>1989</Year><RecNum>3648</RecNum><DisplayText>[4]</Display
Text><record>srec-number>3648</rec-number><foreign-keys><key app="EN" db-
1d="0sdewwvzox{921e2dt3p99p0sazsa2dxzve2”
timestamp="1310412394">3648</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors></contributors><titles><title>Determination of oxygen and carbon dioxide
concentrations in emissions from stationary sources (instrumental analyzer
procedure)</title></titles><keywords><keyword>EPA
method</keyword></keywords><dates><year>1989</year></dates><label>U.S. EPA Method
3A</label><urls><related-urls><url>http://www.epa.gov/ttn/emc/promgate/m-
03a.pdf</url></related-urls></urls><remote-database-
name>http://www.epa.gov/ttnemc01/methods/method3a.html, U.S. Environmental Protection
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Agency</remote-database-name><access-date>Accessed May 5, 2014</access-
date></record></Cite></EndNote>]. The gas cylinders used for calibration were certified by the
suppliers and traceable to National Institute of Standards and Technology (NIST) standards. A
precision dilution calibrator Serinus Cal 2000 (American ECOTECH L.C., Warren, RI, USA)
was used to dilute the high-level span gases for acquiring the mid-point concentrations for the
DX62210/DX6220 calibration curves. The daily CO; system drift for Unit 4 (Loke) varied from
-4.6% to -0.4% of the full span and +1.0% for Unit 2 (Balder), which is within the 5%
acceptance limit of the sensor. Unit 1 (Oden) did not have a long enough warm up period before
calibration therefore the drift of 7.9% was slightly outside acceptance limit, for this réason, the
post-calibration curve was used for calculations as opposed to the pre-calibration curve.

2.4.2 CO

The CO sensor (e2V EC4-500-CO) was an electrochemical gas sensor (SGX Sensortech Ltd,
High Wycombe, Buckinghamshire United Kingdom) which measured CO concentration by
means of an electrochemical cell through CO oxidation and changing impedance. The sensor
was calibrated for CO on a daily basis in accordance with U.S. EPA Method 3A[ ADDIN
EN.CITE <EndNote><Cite
ExcludeAuth="1"><Year>1989</Year><RecNum>3648</RecNum><DisplayText>[4]</Display
Text><record><rec-number>3648</rec-number><foreign-keys><key app="EN" db-
1d="0sdewwvzox{921e2dt3p99p0sazsa2dxzve2"
timestamp="1310412394">3648</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors></contributors><titles><title>Determination of oxygen and carbon dioxide
concentrations in emissions from stationary sources (instrumental analyzer
procedure)</title></titles><keywords><keyword>EPA
method</keyword></keywords><dates><year>1989</year></dates><label>U.S. EPA Method
3A</label><urls><related-urlg><url>http://www.epa.gov/ttn/emc/promgate/m-
03a.pdf</url></related-urls></urls><remote-database-
name>http://www.epa.gov/ttnemc01/methods/method3a.html, U.S. Environmental Protection
Agency</remote-database-name><access-date>Accessed May 5, 2014</access-
date></record></Cite></EndNote>]. The e2V CO concentration was recorded on a SD card at a
rate of one sample per second (1 Hz). All gas cylinders used for calibration are certified by the
suppliers and traceable to NIST standards. A precision dilution calibrator Serinus Cal 2000
(American ECOTECH L.C., Warren, RI, USA) was used to dilute the high-level span gases for
aequiring the mid-point concentrations for the e2V EC4-500-CO calibration curves. The daily
CO system drift for Unit 4 (Loke) varied from -8.4% to 2.8% and -1.2% for Unit 2 (Balder) and -
4.5% for Unit 1 (Oden), which is within the 10% acceptance limit of the sensor.

2.4.3 PM and Elements
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PM: s was sampled with SKC impactors (761-203B) using 37 mm tared Teflon filter (obtained
from Chester LabNet) with a pore size of 2.0 pm via a constant micro air pump (C120CNSN,
Sensidyne, LP, St. Petersburg, FL, USA) of 10 L/min. Total PM was sampled using cassette
with a 37 mm tared Teflon filter (Chester LabNet) with a constant air pump (C120CNSN,
Sensidyne, LP, St. Petersburg, FL, USA). PM were measured gravimetrically following the
procedures described in 40 CFR Part 50 [ ADDIN EN.CITE <EndNote><Cite
ExcludeAuth="1"><Year>1987</Year><RecNum>3646</RecNum><DisplayText>[5]</Display
Text><record><rec-number>3646</rec-number><foreign-keys><key app="EN" db-
1d="0sdewwvzox{921e2dt3p99p0sazsa2dxzve2"
timestamp="1310412394">3646</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors™></contributors><titles><title>Reference method for the determination of
particulate matter as PM2.5 in the Atmosphere</title></titles><volume>52 FR
24664</volume><keywords><keyword>Method</keyword></keywords>=dates><year>1987</
year></dates><label>40 CFR Part 50, Appendix L</label><urls><related-
urls><url>https://www.gpo.gov/fdsys/pkg/CFR-2014-title40-vol2/pdf/CFR-2014-title40-vol2-
part50-appL.pdf</url></related-urls></urls><access-date>Accessed November 22,
2016</access-date></record></Cite></EndNote>]. The constant flow pump was calibrated daily
with a Gilibrator Air Flow Calibration System (Sensidyne LP, St. Petersburg, FL, USA). The
plume samples PM2 s concentrations were more than 100 times higher than the collected ambient
air background sample.

Elements were determined by x-ray fluorescence spectrometry (XRF) analysis of the Teflon
PMz: s and Total PM filters using EPA Compendium Method 10-3.3 [ ADDIN EN.CITE
<EndNote><Cite><Year>1999</Year><RecNum>3641</RecNum><DisplayText>[6]</Display
Text><record><rec-number>3641</rec-number><foreign-keys><key app="EN" db-
1d="0sdewwvzox{921e2dt3p99plsazsa2dxzve2"
timestamp="1310412394">3641</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors></contributors><titles><title>Determination of metals in ambient particulate
matter using X-Ray Eluorescence (XRF)
Spectroscopy</title>s/titles><keywords><keyword>EPA
method</keyword></keywords><dates><year>1999</year></dates><label>U.S. EPA
Compendium Method 10-3 3</label><urls><related-

urls><url>http://www.epa.gov/ttnamti 1 /files/ambient/inorganic/mthd-3-3 pdf</url></related-
urls>s/urls><access-date>Accessed May 5, 2014</access-date></record></Cite></EndNote>].
The elements analyzed using XRF are stated in Table 2-8. Chester LabNet evaluated precision
with a multi-element quality control standard (QS285) and accuracy using NIST standard
reference materials (SRMs): SRM 1832, SRM 1833 and SRM 2783. The SRMs used for quality
assurance/quality control (QA/QC) had a recovery of 91.9-108.6%, which is within the 80-120%
acceptance criteria of the method. The plume samples’ element concentrations were at least 4
times higher than the ambient air background concentration.
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Table [ STYLEREF I \s [-[ SEQ Table \* ARABIC \s 1 ]. Elements determined using XRF.

Pp y
Antimony (Sb)* Gallium (Ga) Nickel (Ni)* Sulfur (S)
Arsenic (As)* Germanium (Ge) Palladium (Pd) Tin (Sn)
Barium (Ba) Indium (In) Phosphorus (P) Titanium (T1)
Bromine (Br) Iron (Fe) Potassium (K) Vanadium (V)
Cadmium (Cd)* Lanthanum (La) Rubidium (Rb) Yttrium (Y)
Calcium (Ca) Lead (Pb)* Selenium (Se)* Zmk (Zn)
Chlorine (Cl) Magnesium (Mg) Silicon (51) Zirconium (Zr)
Chromium (Cr)* Manganese (Mn)* Silver (Ag)
Cobalt (Co)* Mercury (Hg)* Sodium (Na)

" On U.S. EPA’s list of hazardous air pollutants [ ADDIN EN.CITE <EndNote><Cite
Exclude Auth="1"><Year>2008</Year><RecNum>4440</RecNum><DisplayText>[ 7]</
DisplayText><record><rec-number>4440</rec-number><foreign-keys><key app="EN"
db-id="0sdewwvzoxf921e2dt3p99plsazsa2dxzve2”
timestamp="1335539868">4440</key></foreign-keys><ref-type
name="Report">27</ref-type><contributors></contributors><titlés>=title>Clean Air Act:
Title 42 - The public health and
welfare</title></titles><pages>5713</pages><dates><year>2008</year></dates><pub-
location>U.S. Government Printing Office</pub-location>«<label>U.S. EPA Hazardous
Air Pollution List</label><urls><related-
urls><url>http://’www.gpo.gov/tdsys/pkg/USCODE-2008-title42/pdf/USCODE-2008-
titled2-chap85 pdf</url></related-urls></urls><remote-database-
name>http://www.gpo.gov/fdsys/pkg/USCODE-2008-titled4 2/pdf/USCODE-2008-title42-
chap85.pdf</remote-database-name><accessdate™>Accessed May 5 2014</access-
date></record></Cite></EndNote>].

2.4.4  Chromium(VI)

Chromium(VI) (Cr{VI))y'was sampled on a bicarbonate-impregnated “acid hardened” cellulose
filter via a constant micro air pump (C120CNSN, Sensidyne, LP, St. Petersburg, FL, USA) of 10
L/mi. Cr(VI1) was determined using a proprietary method (ChesterLabNet, Tigard, OR) based
on an EPA standard procedure [ ADDIN EN.CITE <EndNote><Cite
ExcludeAuth="1"><Year>2006</Year><RecNum>4825</RecNum><DisplayText>[8]</Display
Text>srecord><rec-number>4825</rec-number><foreign-keys><key app="EN" db-
id="0sdewwvzox{921e2dt3p99p0sazsa2dxzve2"”
timestamp="1491324698">4825</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors></contributors><titles><title>Standard Operating Procedure for the
Determination of Hexavalent Chromium In Ambient Air Analyzed By Ion Chromatography
(IC)<title></titles><dates><year>2006</year></dates><label>U.S. EPA
SOP</label><urls><related-
urls><url>https://www3.epa.gov/ttnamtil/files/ambient/airtox/hexchromsop.pdf</url></related-
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urls></urls><access-date>Accessed April 4, 2017</access-date></record></Cite></EndNote>].
The control sample had recoveries of 97.6 to 101.0% which is within the acceptance limits for
the method 75-125%. No detectable levels of Cr(VI) were found in the ambient air background
collected sample.

345 24.5 VOCGs

VOCs was sampled using Carbotrap 300 stainless steel TD Tube (Supelco Inc., Bellefonte, PA,
USA) via a constant micro air pump with an air flow rate of 0.185 L/min (3A120CNSN,
Sensidyne, LP, St. Petersburg, FL, USA) in accordance with U.S. EPA Method TO-17 [ ADDIN
EN.CITE <EndNote><Cite

350  ExcludeAuth="1"><Year>1997</Year><RecNum>4518</RecNum><Display l'ext>[9]</Display
Text><record><rec-number>4518</rec-number><foreign-keys><key app="EN" db-
1d="0sdewwvzox921e2dt3p99p0sazsa2dxzve2"
timestamp="1374764018">4518</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors></contributors><titles><title>Determination of Volatile Organic

355  Compounds in Ambient Air Using Active Sampling Onto Sorbent
Tubes</title></titles><dates><year>1997</year></dates><label>U.S. EPA Method TO-
17</label><urls><related-urls><url>http://www.epa.gov/ttnamtil/files/ambient/airtox/to-
17t pdf</url></related-urls></urls><access-date>Accessed July 25, 2013</access-
date></record></Cite></EndNote>]. The Carbotrap.300 tubes were analyzed by ALS Simi

360  Valley for VOCs by thermal desorption GC/MS:according to U.S. EPA Method TO-17 [ ADDIN
EN.CITE <EndNote><Cite
ExcludeAuth="1"><Year>1997</Year><RecNum>4518</RecNum><DisplayText>[9]</Display
Text><record><rec-number>4518</rec-number><foreign-keys><key app="EN" db-
1d="0sdewwvzox{921e2dt3p99p0sazsa2dxzve2"

365  timestamp="1374764018">4518</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors></contributors><titles><title>Determination of Volatile Organic
Compounds in Ambient'Air Using Active Sampling Onto Sorbent
Tubes</title></titles><dates><year>1997</year></dates><label>U.S. EPA Method TO-
17</label><urls><related-urls><url>http://www.epa.gov/ttnamtil/files/ambient/airtox/to-

370 17r.pdf</url><frelated-urls></urls><access-date>Accessed July 25, 2013</access-
date></record></Cite></EndNote>]. The target VOCs analyzed from Carbopack 300 are stated
in Table 2-9. The surrogate spikes used for the QA/QC had recoveries of 85-107% for all
samples, which is within the accuracy of the method 70-140%. Eight (Trichlorofluoromethane,
methylene chloride, carbon disulfide, trichloroethene, 1,1,2-trichloroethane, toluene, 1,2-

375  dibromoethane, bromoform) of sixty-one VOCs had recoveries slightly outside the acceptance
limits for the laboratory control sample. The other 53 VOCs had recoveries of 99-118%, which is
within the acceptance limit of the method 52-135%. The VOC method blank showed all non-
detectable levels of VOCs except for carbon disulfide. The VOC trip blank showed detectable
levels of ethanol, acetonitrile, and acetone. The VOC plume sample levels were 2-14, 22-53, and
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4-35 times higher for ethanol, acetonitrile, and acetone, respectively, than the trip blank and
ambient background levels. The VOC plume samples were corrected for the trip blank
concentrations as well as corrected for ambient air background concentrations. The constant flow
pump was calibrated daily with a Gilibrator Air Flow Calibration System (Sensidyne LP, St.
Peterburg, FL, USA).

Table [ STYLEREF 1 \s [-[ SEQ Table \* ARABIC \s 1 ]. VOCs analyzed from Carbotrap 300

1,1,1-Trichloroethane* 2-Hexanone Ethanol
1,1,2,2-Tetrachlorocthane™® 2-Propanol (Isopropyl Alcohol) Ethylbenzeng*
1,1,2-Trichloroethane* 4-Methyl-2-pentanone Hexachlorobutadienc*
1,1-Dichloroethane Acetone m,p-Xylenes*
1,1-Dichloroethene Acetonitrile™® Methyt tert-Butyl Ether
1,2,4-Trichlorobenzene* Benzene* Methylene Chloride*
1,2,4-Trimethylbenzene Bromodichloromethane Naphthalene*
1,2-Dibromo-3-chloropropane Bromoform* n-Heptane
1,2-Dibromocthane Carbon Disulfide* n-Hexane
2C2Fgllc l;élgro-l -1,2,2-tetrafluoroethane Carbon Tetrachloride* n-Octane
1,2-Dichlorobenzene Chlorobenzene* o-Xylene*
1,2-Dichlorocthane Chloroethane Styrene*
1,2-Dichloropropane Chloroform? Tetrachloroethene
1,3,5-Trimethylbenzene Chloromethang™ Tetrahydrofuran (THF)
1,3-Butadienc* cis-1,2-Bichloroethene Toluene*
1,3-Dichlorobenzene cis-1,3:-Dichloropropene* trans-1,2-Dichloroethene
1,4-Dichlorobenzenc* Gumene* trang-1,3-Dichloropropenc*
1,4-Dioxane Cyclohexane Trichloroethene
2,2,4-Trimethylpentane* (Isooctane) Dibromochloromethane Trichlorofluoromethane
2-Butanone (MEK)* Dichlorodifluoromethane (CFC 12)  Trichlorotrifluoroethane
Vinyl Chloride*

" On U.S. EPA’s list of hazardous air pollutants [ ADDIN EN.CITE <EndNote><Cite
Exclude Auth="1"><Year>2008</Year><RecNum>4440</RecNum><DisplayText>] 7]</
DisplayText><record><iec-number>4440</rec-number><foreign-keys><key app="EN"
db-id="0sdewwvzox£92 1e2dt3p99plsazsa2dxzve2"
timestamp="1335339868">4440</key></foreign-keys><ref-type
name="Report">27</ref-type><contributors></contributors><titles><title>Clean Air Act:
Title 42 - The:public health and
welfare</titfle></titles><pages>5713</pages><dates><year>2008</year></dates><pub-
location>1.S. Government Printing Office</pub-location><label>U.S. EPA Hazardous
Aiir Pollution List</label><urls><related-
urls><url>http://www.gpo.gov/tdsys/pkg/USCODE-2008-title42/pdf/USCODE-2008-
title42-chap85 pdf</url></related-urls></urls><remote-database-
name>http://www.gpo.gov/fdsys/pkg/USCODE-2008-title42/pdf/USCODE-2008-title42-
chap85.pdf</remote-database-name><access-date>Accessed May 5 2014</access-
date></record></Cite></EndNote>].

2.4.6 Energetics
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Nitroaromatics/Nitrocellulose were sampled using two 15 cm glass fiber filters (Fisher
Scientific) with a nominal rate of 500 L/min. Energetics were sampled using a low voltage
MINIjammer brushless blower (AMTEK, USA). The flow rate was measured by a 0-622 Pa
Model 265 pressure differential transducer (Setra, USA) across a Herschel Standard Venturi tube
(EPA in-house made). The Venturi tube is specially designed to meet the desired sampling rate
for the target compound. The voltage equivalent to this pressure differential is recorded on the
onboard Teensy USB microcontroller board, which was calibrated with a Roots meter (Model
5M, Dresser Measurement, USA) in the U.S. EPA metrology laboratory before sampling effort.

The energetics samples were analyzed by an outside laboratory using analytical methods U.S.
EPA Method 8330b [ ADDIN EN.CITE <EndNote><Cite
ExcludeAuth="1"><Year>2006</Year><RecNum>4779</RecNum><DisplayText>[10]</Displa
yText><record><rec-number>4779</rec-number><foreign-keys><key app="EN" db-
id="0sdewwvzox{921e2dt3p99p0sazsa2dxzve2"
timestamp="1468871546">4779</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors></contributors><titles><title>Nitroaromaties; nitramines, and nitrate esters
by high performance liquid chromatograph
(HPLC)</title></titles><dates><year>2006</year></dates><label>U.S. EPA Method
8330B</label><urls><related-urls><url>https://www.epa.gov/sites/production/files/2015-
07/documents/epa-8330b.pdf</url></related-urls></urls><access-date>Accessed July 18,
2016</access-date></record></Cite></EndNote>] for nitroaromatics and the nitrocellulose by
U.S EPA Method 353.2 [ ADDIN EN.CITE <EndNote><Cite
ExcludeAuth="1"><Year>1993</Year><RecNum>4780</RecNum><DisplayText>[11]</Displa
yText><record><rec-number>4780</rec-number><foreign-keys><key app="EN" db-
1d="0sdewwvzox{921e2dt3p99p0sazsa2dxzve2"
timestamp="1468871793">4780</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors></contributors><titles><title>Determination of Nitrate-Nitrite Nitrogen by
automated colorimetry</title></titles><dates><year>1993</year></dates><label>U.S. EPA
Method 353.2</label><urls><related-
urls><url>https://www.epa.gov/sites/production/files/2015-08/documents/method 353-

21993 pdf</url></related-urls></urls><access-date>Acessed July 18, 2016</access-
date></record></Cite></EndNote>] which is a nitrate-nitrite colorimetric method. The
surrogate spikes used for the nitroaromatics QA/QC had recoveries of 99.9-104% for all
samples; which is within the accuracy of the method 70-130%. The laboratory control spike
récoveries for nitroaromatics were between 99.5% and 100%, which is within the accuracy of the
method 70-150%. The laboratory control spike recovery for nitrocellulose was 108%, which is
within the accuracy of the method 40-120%. Nitroaromatics and nitrocellulose were not detected
in the ambient air background sample.

2.4.7 HCI, Perchlorate, and Chlorate
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HCl was sample using an alkali-impregnated filter following a solid perchlorate and chloride
filter (ISO Method 21438-2) [ ADDIN EN.CITE <EndNote><Cite
ExcludeAuth="1"><Year>2009</Y ear><RecNum>3634</RecNum><DisplayText>[12]</Displa
yText><record><rec-number>3634</rec-number><foreign-keys><key app="EN" db-
1d="0sdewwvzox{921e2dt3p99p0sazsa2dxzve2"
timestamp="1310412394">3634</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors™</contributors><titles><title>Workplace atmospheres — Determination of
inorganic acids by ion chromatography — Part 2: Volatile acids, except hydrofluoric acid
(hydrochloric acid, hydrobromic acid and nitric
acid)y</title></titles><keywords><keyword>HCl</keyword></keywords><dates><year>2009</
year></dates><label>International standard ISO 21438-
2:2009</1abel><urls></urls></record></Cite></EndNote>]. The sampling was conducted at a
flow rate of 2 L/min using a constant micro air pump (C120CNSN, Sensidyne, LP, St.
Petersburg, FL, USA). The constant flow pump was calibrated daily with a Gilibrator Air Flow
Calibration System (Sensidyne LP, St. Petersburg, FL, USA). Perchlorate salts were captured as
a solid on the filter, which assumes no perchloric acid formation [ ADDIN EN.CITE
<EndNote><Cite ExcludeAuth="1"
ExcludeYear="1"><RecNum>4830</RecNum><DisplayText>[13]</DisplayText><record><rec
-number>4830</rec-number><foreign-keys><key app="EN" db-
id="0sdewwvzox{921e2dt3p99p0sazsa2dxzve2"”
timestamp="1494003675">4830</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors></contributors><titles><title>Perchlorate: Potential for human
exposure</title></titles><number>Chapter 6: tp162-
c6</number><dates></dates><label>Agency for Toxic Substances and Disease
Registry</label><urls><related-urls><url>https://www.atsdr.cdc.gov/ToxProfiles/tp162-
c6.pdf</url></related-urls></urls><access-date>Accessed May 5, 2017</access-
date></record></Cite></EndNote>]. Samples were analyzed at ALS, NY. The alkali-
impregnated filter was analyzed for HC1 by ion chromatography methods specified in U.S. EPA
Method 26 [ ADDIN EN.CITE <EndNote><Cite ExcludeAuth="1"
ExcludeYear="1"><RecNum>4778</RecNum><DisplayText>[14]</DisplayText><record><rec
-number>4778</rec-number><foreign-keys><key app="EN" db-
1d="0sdewwvzox{921e2dt3p99p0sazsa2dxzve2"
timestanip="1468603659">4778</key></foreign-keys><ref-type name="Report">27</ref-
type><icontributors></contributors><titles><title>Determination of Hydrogen Halide and
Halogen Emissions from Stationary Sources Non-Isokinetic
Method</title></titles><dates></dates><label>U.S. EPA Method 26</label><urls><related-
urls><url>https://www3.epa.gov/ttnemcO1/promgate/m-26. pdf</url></related-
urls></urls><access-date>Accessed July 15, 2016</access-date></record></Cite></EndNote>].
The laboratory control spike recovery for perchlorate and chlorate was 100% and 115%,
respectively which is within the accuracy of the methods 40-120%. The laboratory control spike
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recovery for chloride was 107%, which is within the acceptance limit of the method 90-110%.
Chlorate, perchlorate, or HCI were not detected in the ambient air background sample.

2.4.8 PCDD/PCDF

PCDD/PCDF were sampled as for energetics (see 2.4.6) but with the addition of a polyurethane
foam plug (PUF) following the glass fiber filter. PCDD/PCDF samples were cleaned up and
analyzed using an isotope dilution method based on U.S. EPA Method 23 [ ADDIN EN.CITE
<EndNote><Cite
ExcludeAuth="1"><Year>1991</Year><RecNum>3753</RecNum><DisplayText>[15]</Displa
yText><record><rec-number>3753</rec-number><foreign-keys><key app="EN" db-
1d="0sdewwvzox{921e2dt3p99p0sazsa2dxzve2"
timestamp="1312486572">3753</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors></contributors><titles><title>Determination of polychlorinated dibenzo-p-
dioxins and polychlorinated dibenzofurans from stationary
sources</title></titles><dates><year>1991</year></dates><isbn>40 CFR Part 60, Appendix

A </isbn><label>U.S. EPA Method 23</label><urls><related-
urls><url>http://www.epa.gov/ttn/emc/promgate/m-23 pdf</url></related-urls></urls><access-
date>Accessed November 10, 2015</access-date></record></Cite></EndNote>].
Concentrations were determined using high resolution gas chromatography/high resolution mass
spectrometry (HRGC/HRMS) with a Hewlett-Packard gas chromatograph 6890 Series coupled to
a Micromass Premier mass spectrometer (Waters.Corp., Milford, MA, USA). U.S. EPA Method
8290 [ ADDIN EN.CITE <EndNote><Cite
ExcludeAuth="1"><Year>2007</Year><RecNum>4427</RecNum><DisplayText>[16]</Displa
yText><record><rec-number>4427</rec-number><foreign-keys><key app="EN" db-
1d="0sdewwvzox{921e2dt3p99p0sazsa2dxzve2"
timestamp="1332169164">4427</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors><tertiary-authors><author>S W-846</author></tertiary-
authors></contributors><titles><title>Polychlorinated dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) by high-resolution gas chromatography/high-resolution
mass spectrometry
(HRGC/HRMS)</title></titles><dates><year>2007</year></dates><label>U.S. EPA Method
8290A </label><urls><related-
urls><url>http://www.epa.gov/osw/hazard/testmethods/sw846/pdfs/8290a.pdf</url></related-
urls><furls><access-date>Accessed November 21, 2012</access-
date></record></Cite></EndNote>] was used for analysis of tetra- through octa-CDDs/Fs. The
laboratory control spike recoveries were within the acceptable 40-130% range for Tetra to Hexa
PCDD/PCDF and 25-130% for Hepta to Octa PCDD/PCDF for most of the congeners. The
HpCDF recovery was slightly outside the acceptance criteria for three of the four samples (13-
23%), PentaCDD was outside the acceptance criteria in two of the four samples (155% and
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178%). The collected plume samples had 10-250 and 700- >10,000 times higher levels of Total
and TEQ PCDDs/PCDFs, respectively, than the collected ambient background sample.

The 2005 World Health Organization (WHO) toxic equivalent factors (TEFs) [ ADDIN
EN.CITE ADDIN EN.CITEDATA ] were used to determine the PCDD/PCDF toxic
equivalent (TEQ) emission factors (see Chapter 2.5.2 for calculations). Some of the seventeen
TEF-weighted PCDD/PCDF congeners were undetected. The congeners that were not detected
(ND) were considered as zero mass for the reported text calculations, however Appendix B
shows both ND = 0 and ND = limit of detection mass value.

2.5 Calculations

2.5.1 Converting from mass/mass Carbon to mass/mass initial source

The emission ratio of each analyte/species of interest was calculated: from the ratio of
background-corrected pollutant concentrations to background-corrected carbon dioxide (CO»)
and carbon monoxide (CO) concentrations. Emissions factors were calculated using these
emissions ratios following the carbon balance method [ ADDIN EN.CITE  ADDIN
EN.CITE.DATA ], and presented as mass pollutant:permass of charge weight. For the two
skid waste types, the charge weight was expressed both as 1) the total initial weight of the waste
plus the supplemental pallet and diesel fuel (“miass pollutant/mass initial source”) as well as 2)
the weight of the RFAAP waste alone (“mass pollutant/mass waste”). For the MK-90s the
charge weight was the total mass of initial MK-90 source material in the pan, resulting in
emission factors expressed as “mass pollutant/mass initial source” which is the same meaning as
“mass pollutant/mass waste” since no.supplemental fuels were added to the waste, Equations 2-1
to 2-4. Emission factors determined here are compared with the emission factors used in the
RFAAP Human Health Risk Assessment document, specifically Table 2-13 [ ADDIN EN.CITE
<EndNote><Cite

ExcludeAuth="1"><Y ear>2005</Year><RecNum>4856</RecNum><DisplayText>[19]</Displa
yText><record><rec-number>4856</rec-number><foreign-keys><key app="EN" db-
id="0sdewwvzox921e2dt3p99p0sazsa2dxzve2"
timestamp="1501764627">4856</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors></contributors><titles><title>Human Health Risk Assessment for the Open
Burning Ground, Radford Army Ammunition
Plant</title></titles><dates><year>2005</year></dates><label>CH2M
HILL</label><urls></urls></record></Cite></EndNote>].

Anlyte; :
EF, = f.x = e Equation 2-1
X
where:
EF; = Emission factor of target analyte i in terms of mass pollutant per mass initial
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source
fec = mass fraction of carbon in the initial source

Analyte; =  the mass emission ratio of species 1,

2¢ = the background corrected mass concentration of carbon in major carbon
560 emissions species j (carbon calculated from ACO; and ACO).

w .
EFyaste = EF; X T Equation 2-2
where:

EFwase =  Emission factor of target analyte 1 in terms of mass pollutant per.fass waste

Iw = Initial weight of waste
565 SF = Supplement fuel (pallet, cardboard, and diesel)

IW/(IW+SF) =2.01 and 3.18 for skid waste type 1 and 2, respectively

The majority of the carbon emissions were emitted as CO» and CO. With this assumption, CO2
and CO are the only carbon-containing compounds that were required to be measured.

2.5.2 PCDD/PCDF Toxic Equivalent Calculations

570  PCDDs and PCDFs include 75 and 135 congeners, respectively. Of these 210 congeners 17 are
toxic and have been assigned toxic equivalency factor (FEF) values (| REF Ref479230980 \h ]).
The TEQ value is obtained by multiplying the concentration of a PCDD/PCDF congener by its
TEF-value and summing the result for all 17 toxic congeners.

575 Table [ STYLEREF 1\s |-[ SEQ Table \* ARABIC s 1 |. The 2005 World
Health Organization PCDD/PCDF Toxic Equivalent Factors for
mammals/humans.[ ADDIN EN.CITE ~ ADDIN EN.CITE.DATA |

2.3,7,8 - TCDD 1 23,78 - TCDF 0.1
12,3,7.8 - PeCDD 1 12,3,7.8 - PeCDF 0.03
123.47,8-HxCDD 0.1 2.3,47.8 - PeCDF 0.3
123,678 -HxCDD 0.1 12,3,4,7,8 - HxCDF 0.1
12,3,78:9- HxCDD 0.1 12,3,6,7,8 - HxCDF 0.1

1,2,3,4:6,7.8 - HpCDD  0.01 12,3,7.8,9 - HxCDF 0.1
1.2:3.4:6,7,89-0CDD  0.0003 | 2.3,4,6,7.8 - HxCDF 0.1
12,3,4,6,7,8 -HpCDF  0.01
12,3,47.8,9 -HpCDF 0.0l
12,34,6,7.8,9-0CDF  0.0003

2.5.3 Data Variability
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Standard deviation, as well as the relative standard deviation (RSD), were used for showing the

580  measure of dispersion of three or more data values, see Equations 2-5 and 2-6. RSD indicates
how precise the data is, for example a RSD of 50% indicates that the data is more spread out than
a RSD of 20%.

T(x-x)?

Standard Deviation =
(n-1)

Equation 2-5

where:

585  x =each sample value, X = mean value of samples, n = number of samples

Standard Deviation

RSD (%) = 100 x

Equation.2-6

Sample Average

The relative percent difference (RPD) was used as a quality indicator when only two data values
590  (duplicate samples) were obtained, Equation 2-7. RPD indicates how precise the data is, for
example a RPD of 20% indicates that the data is more precise than a RPD of 50%.

RPD (%) = 100 X Sr- Equation 2-7

2

where:

595  x =sample number one, y = sample number two
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3 Results and Discussion

3.1 PM

The PM2 s emissions are reported in [ REF Ref479322206 \h ]. PM2s emissions were higher
from the MK-90 than from the skid waste ([ REF Ref479322206 \h ]). The MK-90 PMz s
emission factor (15.5 g/kg initial source) is similar to those from static firing of CRV-7 (16 g/kg
initial source) and MK-58 (34 g/kg initial source) rocket motors [ ADDIN EN.CITE
<EndNote><Cite><Author>Gullett</Author><Year>2016</Y ear><RecNum>4820</Re¢Num>
<DisplayText>[20]</DisplayText><record><rec-number>4820</rec-number><foreign-
keys><key app="EN" db-id="0sdewwvzox{921e2dt3p99p0sazsa2dxzve2"
timestamp="1490815957">4820</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors><authors><author>Gullett, Brian K. </author><author>Aurell,
Johanna</author><author>Williams,
Ryan</author></authors></contributors><titles><title>Characterization of Air Emissions from
Open Burning and Open Detonation of Gun Propellants and
Ammunition</title></titles><dates><year>2016</year></dates><pub-location>SERDP WP-
2233</pub-location><urls><related-urls><url>https://www, serdp-estcp.org/index. php/Program-
Areas/Weapons-Systems-and-Platforms/Energetic-Materials-and-Munitions/Munitions-
Emissions/WP-2233/WP-2233-TR</url></related-urls></urls><access-date>Accessed March
29, 2017</access-date></record></Cite></EndNote>] and lower than static firing of Sparrow
rocket motors (120 g/kg initial source) [ ADDIN'EN.CITE
<EndNote><Cite><Author>Aurell</Author><Year>2015</Year><RecNum>4622</RecNum><
DisplayText>[1]</DisplayText><record><rec-number>4622</rec-number><foreign-keys><key
app="EN" db-1d="0sdewwvzox92]e2dt3p99p0sazsa2dxzve2"
timestamp="1422043961">4622</key></foreign-keys><ref-type name="Journal
Article">17</ref-type><contributors><authors><author>Aurell,
Johanna</author><author>Gullett, Brian K.</author><author>Tabor,
Dennis</author><author>Williams, Ryan K.</author><author>Mitchell,
William</author><author>Kemme, Michael
R.</author></authors></contributors><titles><title>Aerostat-based sampling of emissions from
open burning and open detonation of military ordnance</title><secondary-title>Journal of
Hazardous Materials</secondary-title></titles><periodical><full-title>Journal of Hazardous
Materials</full-title></periodical><pages>108-
120</pages><volume>284</volume><number>0</number><keywords><keyword>Munitions</
keyword><keyword>Emission factors</keyword><keyword>Open
burning</keyword><keyword>Open detonation</keyword><keyword>Static
firing</keyword></keywords><dates><year>2015</year><pub-dates><date>3/2/</date></pub-
dates></dates><isbn>0304-3894</isbn><urls><related-
urls><url>http://www.sciencedirect.com/science/article/pii/S03043894 14008504 </url></related-
urls></urls><electronic-resource-
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num>http://dx.doi.org/10.1016/j. jhazmat.2014.10.029</electronic-resource-
num></record></Cite></EndNote>]. The HHRA document lists no PM emission factors,
precluding comparison of these site-sampled values.

Table [ STYLEREF 1 \s [-[ SEQ Table \* ARABIC \s 1 |. PM s emission factors in g/kg initial
source and Ib/Ib initial source.

Average g/kg initial source 15.5 23
Stand. Dev.®  g/kg initial source 1.73 N/A®
RSD¢ % 11 N/A®
RPDH % N/A® 9.8
Average 1b/1b initial source 0.0155 0.0023
Stand. Dev.®  1b/lb initial source 0.0017 N/A®
Average o/kg waste 15.5 7.3
Average Ib/1b waste 0.0155 0.0073

2 Number of samples collected.

b Stand. Dev. — standard deviation, calculated only if n > 3.
¢ RSD - relative standard deviation, calculated only if n > 3.
4RPD - relative percent difference, calculated only if n.="72.
¢ N/A - not applicable.

3.2 Elements/Metals

3.2.1 Elements/Metals

Sixteen metals/elements were detected above instrument limits for one or both of the ordnance
sources ([ REF _Ref485721289 \h ]). Lead (Pb) and copper (Cu) had the highest emission
factors from the MK=«90 burns of all the metals analyzed, 0.0102 and 0.00307 1b/lb initial source,
respectively (Tables 3-2 to 3-4). Pb, chloride (Cl), potassium (K), Cu, and zinc (Zn) had the
highest element emission factors for the “high metal” skid waste. The average standard deviation
for the MK -90:metal/element emission factors was 29%. The average relative percent difference
for the skid waste emission factors (only two samples were taken) was 55%. These relatively
low, values validate the precision of the sampling method, particularly given the small number
(less than five) of samples. All element values from the XRF analyses for each collected sample
are shown in Appendix A.

Table [ STYLEREF 1 \s [-[ SEQ Table \* ARABIC \s 1 ]. Element emission factors in PM> s
fraction in mg/kg initial source and mg/kg waste.”
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Pb 5 10,186 1,103 11 2 678.9 2,158 40
Cu 5 3,073 380 2 |2 17.4 55.4 92
Cl 5 30 24 80 | 2 80.4 2555 24
Ca 5 28 5.8 20 |2 2.17 6.91 20
K 5 25 52 20 |2 43.4 138.0 1.9
As 4 21 53 25 |2 1.45 4.62 62
Fe 5 16 33 21 2 0.53 1.70 129
Br 5 15 2.5 17 |2 1.53 4.86 45
Ge 5 11 2.7 24 |2 0.66 2.09 57
Y 5 11 2.8 26 | 2 0.80 2.53 46
Rb 5 8 1.6 20 |2 0.81 2.57 4]
Ba 4 6.4 0.42 6.6 |2 0.24 0.75 36
Al 3 7.3t 5.9 80 0 NDs NDs N/Ab
Cd 5 2.0 12 59 1 0.19 0.62 N/AP
Cr 4 1.4 0.21 15 1 0.038F 0.12f N/Ab
Zn 5 ND# N/A® N/AM | 2 7.6 24.1 121

2 Element concentrations were 22 times higher than the ambient air levels except for Cr which was four
times higher than the ambient levels. All element values from XRE analyses are presented in Appendix A.

 Number of samples collected with detectable levels.

¢ Stand. Dev. — standard deviation, calculated only if n >3

4 RSD - relative standard deviation, calculated only if n >3

¢ RPD - relative percent difference, calculated only ifn = 2.
fResults less than three times the uncertainty level 6fithe analyses.

8 ND - not detected.
" N/A — not applicable.

Table [ STYLEREF 1 \s [-[ SEQ Table \* ARABIC \s 1 |. Metal emission factors in PM- s fraction

in Ib/lb initial source and Ib/Ib waste.”
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Pb 5 1.02E-02 1.10E-03 11 2 6.79E-04 2.16E-03 40
Cu 5 3.07E-03 3.80E-04 12 2 1.74E-05 5.54E-05 92
Cl 5 2.97E-05 2.37E-05 80 2 8.04E-05 2.56E-04 24
Ca 5 2.84E-05 5.80E-06 20 2 2.17E-05 6.91E-06 20
K 5 2.53E-05 5.17E-06 20 2 4.34E-05 1.38E-04 1.9
As 4 2.08E-05 5.29E-06 25 2 1.45E-06 4.62E-06 62
Fe 5 1.60E-05 3.32E-06 21 2 5.34E-07 1.70E-06 129
Br 35 1.47E-05 2.49E-06 17 2 1.53E-06 4.86E-06 45
Ge 5 1.11E-05 2.71E-06 24 2 6.59E-07 2.09E-06 57
Rb 5 8.41E-06 1.64E-06 20 2 8.08E-07 2.57E-06 41
Y 5 1.07E-05 2.78E-06 26 2 7.95E-07 2.53E-06 46
Ba 4 6.36E-06 4.19E-07 6.6 2 2.37E-07 7.53E-07 36
Al 3 7.32E-06¢ 5.89E-06 80 0 ND2(6.11E-05) NDs# N/Ab
Cd 5 1.99E-06 1.18E-06 59 1 1.94E-07 6.18E-07  N/A®
Cr 4 1.40E-06 2.06E-07 15 1 3.79E-08" 1.21E-07f  N/A®
Zn 0 NDe&(4.73E-07) N/AE N/AM 2 7.58E-06 2.41E-05 121

@ Elements levels were 22 times higher than the ambient airdevels except for Cr which was four times
higher than the ambient levels. All element values from*XRF analyses are presented in Appendix A

> Number of samples collected with detectable levels,

¢ Stand. Dev. — standard deviation, calculated only.ifn > 3

4 RSD - relative standard deviation, calculated onlyif n > 3.

¢ RPD - relative percent difference, calculated only if n = 2.

fResulls less than three times the uncertainty level of the analyses.

8 ND - not detected, method detection limit within parentheses.

" N/A — not applicable.

The sampled emission factors were compared with the assumed emission factors used
in the RFAAP EFslisted in the HHRA (Table 3-4) [ ADDIN EN.CITE
<EndNote><Cite
ExcludeAuth="1"><Year>2005</Year><RecNum>4856</RecNum><DisplayText>[
19]</DisplayText><record><rec-number>4856</rec-number><foreign-keys><key
app="EN" db-id="0sdewwvzox1921e2dt3p99p0sazsa2dxzve2"
timestamp="1501764627">4856</key></foreign-keys><ref-type
name="Report">27</ref-type><contributors></contributors><titles><title>Human
Health Risk Assessment for the Open Burning Ground, Radford Army Ammunition
Plant</title></titles><dates><year>2005</year></dates><label>CH2M
HILL</label><urls></urls></record></Cite></EndNote>]. Of the twelve metals that
overlapped for the MK-90s, seven sampled emission factors were lower than the
RFAAP EFs and four emission factors were higher than the RFAAP EF (As, Cd, Pb,
and Ag). One metal, Hg, was reported as ND so its ratio (<2.2) is not clearly greater
or less than unity. For the twelve metals from the skid waste burns, emission factors
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715  for ten metals were less than estimated in the HHRA. Two metals, As and Pb, were
above unity.

720

Table [ STYLEREF 1\s [-[ SEQ Table \* ARABIC \s 1 |. Comparison of EFs derived in this
project with EFs used by RFAAP’s HHRA.

0.0 ) <0.
Al 7'32‘ 1.00E-02 007 6. 5.36E-02 001
E-06° 11
3 1
E-
05
)
N
Db
2.32 04 | (< c <0.
Sb E-06° 5.62E-06 1 7 5.62E-06 038
14
E-
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2 Results less than three times the uncertainty Ievel of the analyses.

" ND - not detected, detection limit within parentheses.
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3.2.2 Chromium(VI)

The Cr(VI) emission factors are reported in Table 3-5. Analysis of the PMz 5 solids showed that
the percentage of Cr(VI) to total Cr in the emissions was 28% and 14% for the MK-90 and skid
waste, respectively. Table 3-4 indicates that the total Cr emission factor from sampling was less
than used in the HHRA for both MK-90 (12% of the HHRA emission factor) and skid waste (1%
of the HHRA emission factor).

Table [ STYLEREF 1\s [-[ SEQ Table \* ARABIC \s 1 |. Cr(VI) emission factors

Average mg/kg initial source 0.39 0.0053
Stand. Dev.®  mg/kg initial source 0.13 N/A¢
RSDe % 34 N/AY
Average 1b/1b initial source 3.95F-07 5.31E-09
Stand. Dev.®  1b/lb initial source 1.34E-07 N/A¢
Average mg/kg waste 0.39 0.017
Average Ib/1b waste 3.95E-07 1.69E-08

* Number of samples collected with detectable levels, ® Stand. Dev. — standard deviation,

¢ RSD - relative standard deviation, calculated only'if.n > 3. 4 N/A — not applicable.

Cr(VI) was detected in all five MK-90 samples collected but only in one of the three samples
collected from the skid waste type 2(Table 3-2). The collection time for the three Cr(VI) skid
waste samples was approximately the same but the amount of carbon collected was
approximately two times higher in the detected sample than the two with no detectable levels.
This simply indicates a greater plume sampling efficiency (collection of oxidized carbon) during
the one detectable sample.

3.3 HCL chlorate, and perchlorate

No chlorate or perchlorate compounds were detected in any of the six samples collected from
skid waste type 1 which was the “high C1” waste (Table 3-6). The HCl emissions (0.000229 1b/Ib
initial source) from the skid waste were over 100 times lower than those emitted from static
firing (versus open burning) of MK-58 (0.030 1b/Ib initial source) and CRV-7 rocket motors
(0.086 Ib/1b initial source) [ ADDIN EN.CITE
<EndNote><Cite><Author>Gullett</Author><Year>2016</Y ear><RecNum>4820</RecNum>
<DisplayText>[20]</DisplayText><record><rec-number>4820</rec-number><foreign-
keys><key app="EN" db-id="0sdewwvzox{921e2dt3p99p0sazsa2dxzve2"
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timestamp="1490815957">4820</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors><authors><author>Gullett, Brian K.</author><author>Aurell,
Johanna</author><author>Williams,
Ryan</author></authors></contributors><titles><title>Characterization of Air Emissions from

760  Open Burning and Open Detonation of Gun Propellants and
Ammunition</title></titles><dates><year>2016</year></dates><pub-location>SERDP WP-
2233</pub-location><urls><related-urls><url>https://www serdp-estcp.org/index. php/Program-
Areas/Weapons-Systems-and-Platforms/Energetic-Materials-and-Munitions/Munitions-
Emissions/WP-2233/WP-2233-TR</url></related-urls></urls><access-date>Accessed March

765 29, 2017</access-date></record></Cite></EndNote>]. Three of the six collected HCI samples
were under the method reporting limit (no detectable levels of chloride).

Table [ STYLEREF 1\s |- SEQ Table \* ARABIC s 1 |. HCI, chiorate, and perchlorate
emission factors from skid waste type 1.

Average mg/kg initial source 229 ND (0.054)° ND (0.054)°
Stand. Dev.®  mg/kg initial source 135 N/A® N/A®
RSDe %o 59 N/AC N/A¢
Average mg/kg waste 459 ND (0.11)° ND (0.11)®
Stand. Dev.® mg/kg waste 272 N/AC N/A®
Average Ib/Ib initial source 229E-04 ND (5.40E-08)°  ND (5.40E-08)
Stand. Dev.®  Ib/Ib initial source 1.35E-04 N/A® N/A®
Average Ib/1b waste 4.59E-04 ND (1.08E-07)° ND (1.08E-07)°
Stand. Dev.®  1b/lb waste 2.72E-04 N/A® N/A®
Average % into air from initial source? 8.4 N/AC N/AS
Stand. Dev.® % into ait from initial source’ 5.0 N/A® N/AC
Average % int6 air from waste' 26.8 N/A® N/A°
Stand. Dev.® " % into air from waste’ 15.9 N/A® N/A®
770 *Number of samples collected with detectable levels.
> ND — not détgcted, detection limit within parentheses.
° N/A —not applicable.
4 Stand. Dév. — standard deviation.
eRSD - relative standard deviation.
775  fpercent of Clin skid waste going into air as HCL.

3.4 PCDD/PCDF

The PCDD/PCDF emission factor from the Type 1, high Cl skid waste (1.77+1.59 ng TEQ/kg
780  waste) was in the same range as emission factors from prescribed forest burns (1.55+1.65 ng
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TEQ/kg biomass [ ADDIN EN.CITE
<EndNote><Cite><Author>Aurell</Author><Year>2013</Year><RecNum>4519</RecNum><
DisplayText>[21]</DisplayText><record><rec-number>4519</rec-number><foreign-
keys><key app="EN" db-id="0sdewwvzox{921e2dt3p99p0sazsa2dxzve2"
timestamp="1386274739">4519</key></foreign-keys><ref-type name="Journal
Article">17</ref-type><contributors><authors><author>Aurell, J.</author><author>Gullett, B.
K. </author></authors></contributors><auth-address>[ Aurell, Johanna; Gullett, Brian K.] US
EPA, Off Res &amp; Dev, Natl Risk Management Res Lab, Res Triangle Pk, NC 27711

USA &#xD;Gullett, BK (reprint author), US EPA, Off Res &amp; Dev, Natl Risk Management
Res Lab, Res Triangle Pk, NC 27711 USA.&#xD;gullett.brian@epa.gov</auth-
address><titles><title>Emission Factors from Aerial and Ground Measurements.of Field and
Laboratory Forest Burns in the Southeastern US: PM2.5, Black and Brown Carbon, VOC, and
PCDD/PCDF</title><secondary-title>Environmental Science &amp; Technology</secondary-
title></titles><periodical><full-title>Environmental Science &amp; Technology</full-
title></periodical><pages>8443-
8452</pages><volume>47</volume><number>15</number><keywords><keyword>trace
gases</keyword><keyword>fire emissions</keyword><keyword>chemical-
composition</keyword><keyword>particle emissions</keyword><keyword>tropical
forest</keyword><keyword>biomass<keyword><keyword>simulations</keyword><keyword>
combustion</keyword><keyword>aerosols</keyword><keyword>carolina</keyword></keywor
ds><dates><year>2013</year><pub-dates><date>Aug</date></pub-
dates></dates><isbn>0013-936X</isbn><accession-num>WOS:000323013400046</accession-
num><work-type>Article</work-type>=urls><related-urls><url>&lt; Go to
IS1&gt;://WOS:000323013400046</utl></related-urls></urls><electronic-resource-
num>10.1021/es402101k</electronic-resource-
num><language>English</language></record></Cite></EndNote>]) and much lower than from
open burning of municipal solid waste (1,765+1,474 ng TEQ/kg waste [ ADDIN EN.CITE
<EndNote><Cite><Author>Aurell</Author><Year>2012</Year><RecNum>4463</RecNum><
DisplayText>[22]</DisplayText><record><rec-number>4463</rec-number><foreign-
keys><key app="EN" db-id="0sdewwvzox{921e2dt3p99p0sazsa2dxzve2"
timestamp="1349117161">4463</key></foreign-keys><ref-type name="Journal

Article"> 17</ref~type><contributors><authors><author>Aurell,
Johanna</author><author>Gullett, Brian K.</author><author>Yamamoto,
Dirk</author></authors></contributors><titles><title>Emissions from Open Burning of
Simulated Military Waste from Forward Operating Bases</title><secondary-title>Environmental
Science &amp; Technology</secondary-title></titles><periodical><full-title>Environmental
Science &amp; Technology</full-title></periodical><pages>11004-
11012</pages><volume>46</volume><dates><year>2012</year></dates><publisher>America
n Chemical Society</publisher><isbn>0013-936X</isbn><urls><related-
urls><url>http://pubs.acs.org/doi/abs/10.1021/es303 13 1k</url></related-
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urls></urls><electronic-resource-num>10.1021/es30313 1k</electronic-resource-num><access-
date>2012/10/01</access-date></record></Cite></EndNote>]). The sampled emission factor
was less than 0.1% of the value used in the HHRA. Values are shown in Table 3-7 and Figure 3-
1. Emission factors for each homologue group and each TEF-weighted congener are shown in
Appendix B, Tables B-1 to B-6. The MK-90s were not sampled for PCDD/PCDF.

Table [ STYLEREF 1 \s [-[ SEQ Table \* ARABIC \s I |]. PCDD/PCDF results.

PCDD Total

PCDF Total

PCDD/PCDF Total

ng/kg

initial

source
ng/kg
nitial
source
ng/kg
initial
source

13.2

334

46.6

8.6

41.1

66%

112%

88%

PCDD TEQ®

PCDF TEQ®

PCDD/PCDF TEQ SUM*

ng
TEQ/kg
nitial
source
ng
TEQ/kg
irtial
source
ng
TEQ/kg
initial
source

0.10

0.79

0.88

0.15

0.71

0.79

158%

90%

90%

PCDD:Total

PEDF Total

PCDD/PCDF Total

ng/kg
waste
ng/kg
waste
ng/kg
waste

26.5

67.1

93.6

17.4

75.3

82.6

66%

112%

88%

PCDD TEQ?

ng
TEQ/kg
waste

0.19

0.30

158%
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830

835

840

845

850

ng

PCDF TEQ? TEQ/kg 1.58 1.43 90%
waste
ng

PCDD/PCDF TEQ SUM* TEQ/kg 1.77 1.59 90%
waste

2 Not detected congeners set to zero. Appendix B shows data with not detected congeners set to the limit of
detection. *NV = no value.

Dioxin Comparision
4.00 - i
a) ) 192E08 - Skid waste
@ 3 3.50 .
g5 3.00 - 2 1E-08 |
b 3’5 w 2
o = w 2.50 4 8 é 8E-09 -
Loy el
o S 2.00 A o W
o H O Kk 6E-09 |
£ 2o 150 L Q
I -
23 1.00 - = 4E-09
2 o 2
S 0.50 - 2E-09 -
0.00 , 0
T 1

Skid waste Forest burns
EF RFAAPEF

Figure [ STYLEREF 1 \s [-[ SEQ Figure \* ARABIC \s 1 |. Comparison of PCDD/PCDF
(Dioxin) emission factors from a) skid waste and forest burns [ ADDIN EN.CITE
<EndNote><Cite><Author>Aurell</Author><Year>2013</Year><RecNum>4519</RecNum
><DisplayText>[21] </DisplayText><record> <rec-number>4519</rec-number><foreign-
keys><key app="EN" db-id="0sdewwvzoxf921e2dt3p99p0lsazsaldxzve2"
timestamp="1386274739">4519</key></foreign-keys><ref-type name="Journal

Article" 17</ref-type><contributors><authors><author>Aurell,
J.</author><author>Gullet1'B. K.</author></authors></contributors><auth-
address>[Aurell, Johanna Gullett, Brian K.] US EPA, Off Res &amp; Dev, Natl Risk
Management Res Lab, Res Triangle Pk, NC 27711 USA.&#ixD; Gullett, BK (reprint author), US
EPA, Off Res &amp; Dev, Natl Risk Management Res Lab, Res Triangle Pk, NC 27711

USA. &#xD; gullett. brian(@epa.gov</auth-address><titles><title>Emission Factors from Aerial
and Ground Measurements of Field and Laboratory Forest Burns in the Southeastern US:
PM2.5, Black and Brown Carbon, VOC, and PCDD/PCDF</title><secondary-
title>Environmental Science &amp,; Technology</secondary-title> </titles><periodical > <full-
title>Environmental Science &amp; Technology</full-title></periodical><pages>8443-
8452</pages><volume>47</volume><number>15</number><keywords><keyword>trace
gases</keyword><keyword>fire emissions</keyword><keyword>chemical-
composition</keyword><keyword>particle emissions</keyword><keyword>tropical
Jorest</keyword><keyword>biomass</keyword><keyword>simulations </keyword><keyword
>combustion</keyword><keyword>aerosols</keyword><keyword>carolina</keyword></key
words><dates><year>2013</year><pub-dates><date>Aug</date></pub-
dates></dates><isbn>0013-936X</isbn><accession-
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855

860

865

870

875

880

885

890

num>WOS:000323013400046</accession-num><work-type>Article</work-
type><urls><related-urls><url>&lt; Go to ISI&gt,://WOS:000323013400046</url></related-
urls></urls><electronic-resource-num>10.1021/es402101k</electronic-resource-
num><language> English</language></record></Cite></EndNote> ], and b) emission factor
derived from this study (EF) and emission factor used today by RFAAP (RFAAP EF [ ADDIN
EN.CITE <EndNote><C(ite
Excludeduth="1"><Year>2005</Year><RecNum>4856</RecNum><DisplayText>[19]</Dis
playText><record><rec-number>4856</rec-number><foreign-keys><key app="EN" db-
id="0sdewwvzoxf921e2dt3p99pUsazsaldxzvel”

type><contributors></contributors> <titles><title>Human Health Risk Assessment for the
Open Burning Ground, Radford Army Ammunition
Plant</title></titles><dates><year>2005 </year></dates><label> CH2M

HILL</label> <urls></urls></record></Cite></EndNote>]).

3.5 VOCs

VOC sampling was prioritized only for the type 2 skid waste due to project time limitations. All
VOCs analyzed are presented in Tables 3-8 to 3-11. Toluene (3.26E-4 Ib/lb waste), benzene
(3.11-04 1b/Ib waste), naphthalene (1.45E-04 1b/lb waste), methylene chloride (1.26E-04 1b/lb
waste), styrene (5.07E-05 1b/lb waste), and xylengs.(5.73E-05 1b/Ib waste) were the most
abundant VOCs emitted from skid waste type 2;.all on EPA’s list of hazardous air pollutants [
ADDIN EN.CITE <EndNote><Cite
ExcludeAuth="1"><Year>2008</Year><RecNum>4440</RecNum><DisplayText>[7]</Display
Text><record><rec-number>4440</rec-number><foreign-keys><key app="EN" db-
1d="0sdewwvzox{921e2dt3p99p0sazsa2dxzve2"
timestamp="1335539868">4440</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors></contributors><titles><title>Clean Air Act: Title 42 - The public health
and welfare</title></titles><pages>5713</pages><dates><year>2008</year></dates><pub-
location>U.S. Govérnment Printing Office</pub-location><label>U.S. EPA Hazardous Air
Pollution List</label><urls><related-urls><url>http://www.gpo.gov/fdsys/pkg/USCODE-2008-
title42/pdf/USCODE-2008-title42-chap85.pdf</url></related-urls></urls><remote-database-
name>http://www.gpo.gov/fdsys/pkg/USCODE-2008-title42/pdf/lUSCODE-2008-title42-
chap85.pdf</remote-database-name><access-date>Accessed May 5 2014</access-
date»</record></Cite></EndNote>]. These emission values compare to emissions from static
fire'of rocket motors: toluene 4.5E-04 1b/lb waste, naphthalene 9.2E-06 1b/Ib waste, and xylenes
1.2E-03 Ib/Ib waste [ ADDIN EN.CITE
<EndNote><Cite><Author>Aurell</Author><Year>2015</Year><RecNum>4622</RecNum><
DisplayText>[1]</DisplayText><record><rec-number>4622</rec-number><foreign-keys><key
app="EN" db-id="0sdewwvzox1921e2dt3p99p0sazsa2dxzve2"
timestamp="1422043961">4622</key></foreign-keys><ref-type name="Journal
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Article">17</ref-type><contributors><authors><author>Aurell,

895  Johanna</author><author>Gullett, Brian K. </author><author>Tabor,
Dennis</author><author>Williams, Ryan K.</author><author>Mitchell,
William</author><author>Kemme, Michael
R.</author></authors></contributors><titles><title>Aerostat-based sampling of emissions from
open burning and open detonation of military ordnance</title><secondary-title>Journal of

900  Hazardous Materials</secondary-title></titles><periodical><full-title>Journal of Hazardous
Materials</full-title></periodical><pages>108-
120</pages><volume>284</volume><number>0</number><keywords><keyword>Munitions</
keyword><keyword>Emission factors</keyword><keyword>Open
burning</keyword><keyword>Open detonation</keyword><keyword>Static

905  firing</keyword></keywords><dates><year>2015</year><pub-dates><date>3/2/</date></pub-
dates></dates><isbn>0304-3894</isbn><urls><related-
urls><url>http://www sciencedirect.com/science/article/pii/S03043894 14008504 </url></related-
urls></urls><electronic-resource-
num>http://dx.doi.org/10.1016/]. jhazmat.2014.10.029</electronic-resource-

910  num></record></Cite></EndNote>]. Of the 26 compounds ‘common between sampled and
detectable VOC emissions at Radford and the HHRA, 25 of the VOCs were less than the HHRA
emission factor (Table 3-8). Only chloromethane was found at REAAP to be higher (2.3 times)
the HHRA emission factor.

915  Table | STYLEREF 1\s [-[ SEQ Table \* ARABIC \s 1 |. VOC Emission Factors in Ib/lb waste
from skid waste type 2.
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1,1,1- ND
Trichloroetha (8.04E- 1.00E-04
ne’ 08)
1,1,2,2- ND
Tetrachloroeth (9.38E- 1.04E-04
ane’ 08)
1,1,2-
Trichloroetha L1LE- 1.15E-04 0.0
p 06 10
ne
1,1- ND
Dichloroethan (3.95E- 2.92E-05
e 08)
1,1- ND
Dichloroethen (1.14E- 4.94E-05
e 07)
1,2,4- ND <0
Trichlorobenz (2.75E- 3.28E-06 )
f 084
ene 07
1,2,4- 1.53
Trimethylbenz EE s6 5.09E-04 Py
ene 05
1,2-Dibromo- ND
3- (1.41E- Nve
chloropropane 07)
1,2- ND
Dibromoethan (6.57E- NVve
e 08)
1,2-Dichloro- 146E- 1.51 10 Nve
1,1,2,2- 07 E- 3
tetrafluoroctha 07
ne (CFC 114)
1,2- ND <0
Dichlorobenze (1.14E- 3.28E-06 -
033
ne 07y
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1,2-

; 1.01E- 0.0
Ie)lchloroethan 07 4 31E-05 00
1,2-

¢’ 1.34E- 0.0
Dichloropropa 06 431E-05 1
ne
1,3,5- 4.13

) ’) - .

Trimethylbenz 7.288 E- 57 4.31E-05 0.1
’ 06 69
ene 06
1.97E- 332 0.4
1,3-Butadienef ) E- 27 4.35E-05 )
05 53
06
1,3- | 14E- NVve
Dichlorobenze
07
ne
1,4-

¢ 1.73E- 0.0
Dichlorobenze 07 3.28E-06 53
ne
1,4-Dioxane 6'%%,}5- 71 NVe
2,2.4- 721E- 7.11 99 Nve
Trimethylpent 07 E-
ane 07
(Isooctang)

g
2-Butanone 1.02E- 6}'30_ 2 59 NV
(MEK) 05 06
- g
2-Hexanone 6.43E NV
06
2-Propanol 3 95E.- Nve
(Isopropyl 06
Alcohol)
g
4-Methyl-2- 1.47E- 1.60 10 NV
E-
pentanone 06 06 9
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Acetone g MTE R 35 7 44E-04 0.0
05 60
03
1.58
. i .
Acetonitrilef 4 2.69E E- 56 NVvs
05
03
1.85
Benzenef 4 3.11E- E- 59 9.69E-04 0.3
04 21
04
. ND
Bromodichlor 0 (637E- 9.69E-04
omethane
08)
ND
Bromoform 0 (9.38E- NVe
08)
Carbon 1.07E- 0.3
Disulfide’ LY 3.25E-06 29
1.15
Carbon 1.09E- . 10 0.3
Tewrachloride! 06 6 3.25E-06 35
Chlorobenzen 1.71E- 0.5
of & 06 3.25E-06 26
1.68
Chlorocthatie: 3 2°F B 71 3.25E-06 0.7
06 ) 23
06
1.55
Chlotoform’ 3 22F B 70 3.25E-06 0.0
07 69
07
6.64
L}hloromethan 4 7.58E- E- 8% 3 95E-06 2.3
e 06 ) 32
06
cis-1,2- ND NVvE
Dichloroethen 0 (6.23E-
e 08)

[ PAGE \* MERGEFORMAT ]

ED_005043G_00035164-00042



cis-1,3- ND Nye
Dichloroprope 0 (7.37E-
ne’ 08)
241 Nve
Cumene’ 4 BZ)S6E E- 64
06
Cyclohexane 1 8'3)16}5' 2.67E-05 263
. ND Nve
Dibromochlor 0 (4.56E-
omethane 08)
Dichlorodiflu 3 6.72E- 564 84 Nve
oromethane 06 E-
(CFC 12) 06
7.98 NVve
Ethanol 4 l'OogE- Ef 80
06
1.00
Ethylbenzene! 4 200?5 E- 48 4.53E-05 05;
05
g
Hexachlorobu ND N/ NV
e 0 (2.01E-
tadiene 07) A
1.91 Nve
m,p-Xylenes® 4 4%)15]5 E- 46
05
g
Methyl tert- 0 ( 41\29315 NV
Butyl Ether 08)
2.37
Methylene 1.26E- . 18 0.1
Chloride' AR S L17E-03 08
8.23
Naphthalene! 4 1";?5' E- 57 7.87E-04 %i
05
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n-Heptane AT0E- g 39 NV
06
06
2.94
n-Hexane LOSE- g 18 2.56E-05 0.0
05 0 37
05
6.08
n-Octane L36E- 5" a9 NVs
05
06
8.53
0-Xylene! LOIE- g 53 Nve
05
06
3.15
Styrene’ SOTE- g 6 5.56E-05 0.9
05 05 12
Tetrachlorocth 6.11E- 18 NVve
ene 07 5
Tetrahydrofur 7 30E- 21'30_4 - NVE
an (THF) 07 07
4.10
- : 2
Toluenef 3.26E E- 12 4.75E-04 0.6
04 6 86
04
trans-1,2: ND NV
Dichlordethien (8.04E-
e 08)
trans-1,3- ND Nve
Dichloroprope (7.37E-
ne 08)
Trichloroethe 2.81E- ) 0.0
e 07 6.59E-05 04
8
Trichlorofluor 248E- 191 NV
E- 77
omethane 06 06
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920

925

930

935

3
Trichlorotriftu 1.00E- L 11 Ny
orocthane 06 E-
06
. ND
Vinyl 0 (9.38E- 9.28E-05
Chloride
08)
2.75
Xylenes 4 STBE R4 4.52E-04 0.1
05 05 27

a Number of samples with detectable levels out of 4 samples.

" ND — not detected. Detection limit within parentheses.

¢ Stand. Dev. — standard deviation, calculated:only if n > 3.

4 RSD - relative standard deviation, calculated only if n > 3.

°RPD - relative percent difference, calgulated only if n = 2.

fOn U.S. EPA’s list of hazardous air pollutants [ ADDIN EN.CITE <EndNote><Cite

Exclude Auth="1"><Year>2008</Ycar><RecNum>4440</RecNum><DisplayText>] 7]</DisplayText><record><re
c-number>4440</rec-number><foreign-keys><key app="EN" db-id="0sdewwvzoxf921e2dt3p99p0sazsa2dxzve2"
timestamp="1335539868">4440</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors></contributors><titles><title>Clean Air Act: Title 42 - The public health and
welfare</title></titles»<pages>5713</pages><dates><year>2008</year></dates><pub-location>U.S. Government
Printing Office<ypub-location><label>U.S. EPA Hazardous Air Pollution List</label><urls><related-
urls><uarl>http;//www.gpo.gov/fdsys/pkg/USCODE-2008-title42/pdf/USCODE-2008-title42-

chap85 pdf<Ar></related-urls></urls><remote-database-name>http: //www.gpo.gov/fdsys/pkg/USCODE-2008-
title42/pdf/USCODE-2008-title42 -chap85.pdf</remote-database-name><access-date>Accessed May 5
2014</access-date></record></Cite></EndNote>]

&8NV =no value.
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Table [ STYLEREF 1 \s [-[ SEQ Table \* ARABIC \s 1 ]. VOC Emission Factors in mg/kg waste
from skid waste type 2.

1,1,1-Trichloroethane 0 ND (0.080)
1,1,2,2-Tetrachloroethane’ 0 ND (0.094)

1,1,2-Trichloroethanef 1 1.11

1,1-Dichloroethane 0 ND (0.040)

1,1-Dichloroethene 0 ND (0.1

1,2,4-Trichlorobenzene® 0 ND (0.28)

1,2,4-Trimethylbenzene 4 2947 15.31 56
1,2-Dibromo-3-chloropropane 0 ND (0.14)

1,2-Dibromoethane 0 ND (0.066)

1,2-Dichloro-1,1,2, 2-tetrafluoroethane (CFC 114) 3 0.15 0.15 103
1,2-Dichlorobenzene 0 ND (0.11)

1,2-Dichlorocthane 1 0.1

1,2-Dichloropropane 1 1.34

1,3,5-Trimethylbenzene 4 7.28 413 57
1,3-Butadiene! 4 19.67 5.32 27
1,3-Dichlorobenzene 1 0.11

1,4-Dichlorobenzene 1 0.17

1,4-Dioxane 2 0.69 71
2,2, 4-Trimethylpentane (Isooctane) 4 0.72 0.71 99
2-Butanone (MEK,) 4 10.24 6.02 59
2-Hexanone 1 643

2-Propanel (Isopropyl Alcohol) 1 395

4-Methyl:2-pentanone 4 1.47 1.6 109
Acetone 4 447 2695 60
Acetomnitrilef 4 26.9 15.8 59
Benzenef 4 310.88 184.78 59
Bromodichloromethane 0 ND (0.064)

Bromoform 0 ND (0.094)

Carbon Disulfide’ 0 1.07

Carbon Tetrachloridef 4 1.09 1.15 106
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945

950

Chlorobenzenef 1 1.71

Chloroethane 3 2.35 1.68 71
Chloroformf 3 0.22 0.16 70
Chloromethanef 4 7.58 6.64 88
cis-1,2-Dichloroethene 0 ND (0.062)
cis-1,3-Dichloropropene! 0 ND (0.074)

Cumenef 4 3.75 2.41 64
Cyclohexane 1 8.71

Dibromochloromethane 0 ND (0.046)
Dichlorodifluoromethane (CFC 12) 3 6.72 5.64 84
Ethanol 4 10.63 7.98 75
Ethylbenzene' 4 20.81 10004 48
Hexachlorobutadiene’ 0 ND (0.20)

m,p-Xylenes’ 4 41.14 19.07 46
Methyl tert-Butyl Ether 0 ND (0.047)

Methylene Chloride’ 4 12562 237.46 189
Naphthalene® 4 14454 82.32 57
n-Heptane 4 4.7 1.85 39
n-Hexane 4 16.35 29.36 180
n-Octane 4 15.62 6.08 39
0-Xylenef 4 16.12 8.53 53
Styrene’ 4 50.71 31.49 62
Tetrachloroethene 2 0.61 185
Tetrahydrofuran (THF) 3 0.73 0.2 28
Toluenef 4 32646 409.87 126
trans-1,2-Dichloroethene 0 ND (0.080)
trans-1,3-Dichloropropene 0 ND (0.074)

Trichloroethene 1 0.28

Trichlorofluoromethane 4 2.48 1.91 77
Trichlorotriflyorgethane 4 1 1.11 111
Vinyl Chloride’ 0 ND (0.094)

* Number of satnples with detectable levels out of 4 samples.
> ND —mnot detected. Detection limit within parentheses.

¢ Stand. Dev. — standard deviation, calculated only if n > 3.

4 RSD - relative standard deviation, calculated only if n > 3.
¢RPD - relative percent difference, calculated only if n = 2.

fOn U.S. EPA’s list of hazardous air pollutants | ADDIN EN.CITE <EndNote><Cite
Exclude Auth="1"><Year>2008</Year><RecNum>4440</RecNum><DisplayText>] 7]</DisplayText><record><re
c-number>4440</rec-number><foreign-keys><key app="EN" db-id="0sdewwvzox{921¢2dt3p99p0sazsa2dxzve2"
timestamp="1335539868">4440</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors></contributors><titles><title>Clean Air Act: Title 42 - The public health and
welfare<V/title></titles><pages>5713</pages><dates><year>2008</year></dates><pub-location>U.S. Government
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955

960

Printing Office</pub-location><label>U.S. EPA Hazardous Air Pollution List</label><urls><related-

urls><url>http://www.gpo.gov/fdsys/pkg/USCODE-2008-title42/pdf/USCODE-2008-title42-

chap85.pdf<furl></related-urls></urls><remote-database-name>http://www.gpo.gov/fdsys/pkg/USCODE-2008-
titled2/pdf/USCODE-2008-title42-chap 85 pdf</remote-database-name><access-date>Accessed May 5

2014</access-date></record></Cite></EndNote>]

Table [ STYLEREF 1\s [-[ SEQ Table \* ARABIC \s 1 |. VOC Emission Factors in Ib/Ib initial
source from skid waste type 2.

1,1,1-Trichloroethane! 0 ND (2.53E-08)
1,1,2,2-Tetrachloroethane® 0 ND (2.95E-08)

1,1,2-Trichloroethanef 1 3.48E-07

1,1-Dichloroethane 0 ND (1.24E-08)

1,1-Dichloroethene 0 ND (3.58E-Q8)

1,2,4-Trichlorobenzenef 0 ND (8.64E-08)

1,2,4-Trimethylbenzene 4 8.58E-06 4 .82E-06 56
1,2-Dibromo-3-chloropropane 0 NDi(4.43E-08)

1,2-Dibromocthane 0 ND (2.07E-08)
1,2-Dichloro-1,1,2,2-tetrafluorocthane (CFC 114) 3 4.60E-08 4.74E-08 103
1,2-Dichlorobenzene 0 ND (3.58E-08)

1,2-Dichloroethane 1 3.16E-08

1,2-Dichloropropane 1 4.22E-07

1,3,5-Trimethylbenzene 4 2.29E-06 1.30E-06 57
1,3-Butadienef 4 6.19E-06 1.67E-06 27
1,3-Dichlorobenzene 1 3.58E-08

1,4-Dichlorobenzene 1 5.45E-08

1,4-Dioxane 2 2.18E-07 71
2,2,4-Trimethylpentang:(Isooctanc) 4 2.27E-07 2.24E-07 99
2-Butanone (MEK) 4 3.22E-06 1.89E-06 59
2-Hexanone 1 2.02E-06

2-Propanol (Isopropyl Alcohol) 1 1.24E-06

4-Methyl«2-pentanone 4 4.64E-07 5.04E-07 109
Acetong 4 1.78E-05 6.16E-06 35
Acetonitrilef 4 1.10E-05 6.20E-06 56
Benzene! 4 9.78E-05 5.81E-05 59
Bromodichloromethane 0 ND (2.00E-08)

Bromoform 0 ND (2.95E-08)

Carbon Disulfide® 1 3.37E-07

Carbon Tetrachloridef 4 3.43E-07 3.63E-07 106
Chlorobenzenef 1 5.37E-07
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970

975

Chloroethane 3 7.40E-07 71
Chloroformf 3 7.02E-08 70
Chloromethane! 4 2.38E-06 88
cis-1,2-Dichlorocthene 0 ND (1.96E-08)

cis-1,3-Dichloropropenef 0 ND (2.32E-08)

Cumene’ 4 1.18E-06 7.58E-07 64
Cyclohexane 1 2.74E-06

Dibromochloromethane 0 ND (1.43E-08)

Dichlorodifluoromethane (CFC 12) 3 2.11E-06 1.77E-06 84
Ethanol 4 3.56E-06 2.85E-06 80
Ethylbenzene! 4 6.55E-06 3. 16E-06 48
Hexachlorobutadiene’ 0 ND (6.32E-08)

m,p-Xylenes’ 4 1.29E-05 6.00E-06 46
Methyl tert-Butyl Ether 0 ND (1.48E-08)

Methylene Chloridef 4 3.95E-05 7.47E-05 189
Naphthalene’ 4 4.55E-05 2.59E-05 57
n-Heptane 4 1"48E-06 5.81E-07 39
n-Hexane 4 5.14E-06 9.24E-06 180
n-Octane 4 4.92E-06 1.91E-06 39
o0-Xylenef 4 5.07E-06 2.68E-06 53
Styrenef 4 1.60E-05 9.91E-06 62
Tetrachloroethene 2 1.92E-07

Tetrahydrofuran (THF) 3 2.30E-07 6.41E-08 28
Toluenef 4 1.03E-04 1.29E-04 126
trans-1,2-Dichloroethene 0 ND (2.53E-08)
trans-1,3-Dichloropropene 0 ND (2.32E-08)

Trichloroethene 1 8.85E-08

Trichlorofluoromethant 4 7.80E-07 6.02E-07 77
Trichlorotrifluoroethane 4 3.15E-07 3.50E-07 111
Vinyl Chloridef 0 ND (2.95E-08)

* Number of samples with detectable levels out of 4 samples.

> ND — notidetected. Detection limit within parentheses.

¢ Stand, Deév. — standard deviation, calculated only if n > 3.

4 RSD “relative standard deviation, calculated only if n > 3.

¢RPD - relative percent difference, calculated only if n = 2.

fOn U.S. EPA’s list of hazardous air pollutants | ADDIN EN.CITE <EndNote><Cite
ExcludeAuth="1"><Year>2008</Year><RecNum>4440</RecNum><DisplayText>] 7]</
DisplayText><record><rec-number>4440</rec-number><foreign-keys><key app="EN"
db-id="0sdewwvzoxf921e2dt3p99plsazsa2dxzve2”
timestamp="1335539868">4440</key></forcign-keys><ref-type
name="Report">27</ref-type><contributors></contributors><titles><title>Clean Air Act:
Title 42 - The public health and
welfare</title></titles><pages>5713</pages><dates><year>2008</year></dates><pub-
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980
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location>U.S. Government Printing Office</pub-location><label>U.S. EPA Hazardous

Air Pollution List</label><urls><related-

urls><url>htip://www.gpo.gov/tdsys/pkg/USCODE-2008-titled42/pdf/USCODE-2008-
title42-chap85 pdf</url></related-urls></urls><remote-database-

name>http://www.gpo.gov/fdsys/pkg/USCODE-2008-title42/pd f/USCODE-2008-title42-

chap85 pdf<remote-database-name><access-date>Accessed May 5 2014</access-

date></record></Cite></EndNote>].

Table [ STYLEREF 1\s [-[ SEQ Table \* ARABIC s 1 |. VOC Emission Factors in mg/kg initial

source.

1,1,1-Trichloroethane! 0 ND (0.025)
1,1,2,2-Tetrachloroethane® 0 ND (0.030)

1,1,2-Trichloroethanef 1 0.35

1,1-Dichloroethane 0 ND (0.012)

1,1-Dichloroethene 0 ND (0.036)

1,2,4-Trichlorobenzenef 0 ND (0:086)

1,2,4-Trimethylbenzene 4 855 482 56
1,2-Dibromo-3-chloropropane 0 ND (0.044)

1,2-Dibromocthane 0 ND (0.021)
1,2-Dichloro-1,1,2,2-tetrafluorocthane (CFC 114) 3 0.046 0.047 103
1,2-Dichlorobenzene 0 ND (0.036)

1,2-Dichloroethane 1 0.03

1,2-Dichloropropane 1 0.42

1,3,5-Trimethylbenzene 4 2.29 1.3 57
1,3-Butadiene’ 4 6.19 1.67 27
1,3-Dichlorobenzene 1 0.04

1,4-Dichlorobenzene 1 0.05

1,4-Dioxane 2 0.22 71
2,2,4-Trimethylpentan¢:(Isooctanc) 4 0.23 0.22 99
2-Butanone (MEK.) 4 3.22 1.89 59
2-Hexanone 1 2.02

2-Propano] (Isopropyl Alcohol) 1 1.24

4-Methyl2-pentanone 4 0.46 0.5 109
Acetone 4 14.06 8.48 60
Acétonitrilef 4 8.46 497 59
Benzene! 4 97.8 58.13 59
Bromodichloromethane 0 ND (0.020)

Bromoform 0 ND (0.030)

Carbon Disulfide® 0 ND (0.17)

Carbon Tetrachloridef 4 0.34 0.36 106
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995

Chlorobenzene 1 0.54

Chloroethane 3 0.74 0.53 71
Chloroformf 3 0.07 0.05 70
Chloromethanef 4 2.38 2.09 88
cis-1,2-Dichloroethene 0 ND (0.020)
cis-1,3-Dichloropropenef 0 ND (0.023)

Cumenef 4 1.18 0.76 64
Cyclohexane 1 2.74

Dibromochloromethane 0 ND (0.014)
Dichlorodifluoromethane (CFC 12) 3 2.11 1.77 84
Ethanol 4 3.34 2.51 75
Ethylbenzene' 4 6.55 3,16 48
Hexachlorobutadiene! 0 ND (0.063)

m,p-Xylenes’ 4 12.94 6 46
Methyl tert-Butyl Ether 0 ND (0.01%)

Methylene Chloride’ 4 39.52 74,71 189
Naphthalene® 4 4547 259 57
n-Heptane 4 1.48 0.58 39
n-Hexane 4 5.14 9.24 180
n-Octane 4 4.92 1.91 39
0-Xylenef 4 5.07 2.68 53
Styrene’ 4 15.95 9.91 62
Tetrachloroethene 2 0.19 185
Tetrahydrofuran (THF) 3 0.23 0.06 28
Toluenef 4 102.71 128.94 126
trans-1,2-Dichloroethene 0 ND (0.025)
trans-1,3-Dichloropropene 0 ND (0.023)

Trichloroethene 1 0.09

Trichlorofluoromethane 4 0.78 0.6 77
Trichlorotrifluorgéthane 4 0.32 0.35 111
Vinyl Chloride’ 0 ND (0.030)

* Number of satnples with detectable levels out of 4 samples.
> ND —mnot detected. Detection limit within parentheses.

¢ Stand. Dev. — standard deviation, calculated only if n > 3.

4 RSD - relative standard deviation, calculated only ifn > 3.
¢RPD - relative percent difference, calculated only ifn = 2.

fOn U.S. EPA’s list of hazardous air pollutants [ ADDIN EN.CITE <EndNote><Cite
ExcludeAuth="1"><Year>2008</Year><RecNum>4440</RecNum><DisplayText>[ 7]</
DisplayText><record><rec-number>4440</rec-number><foreign-keys><key app="EN"

db-id="0sdewwvzox{921e2dt3p99plisazsa2dxzve2”

timestamp="1335539868">4440</key></forcign-keys><ref-type

name="Report">27</ref-type><contributors></contributors><titles><title>Clean Air Act:
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Title 42 - The public health and
welfare</title></titles><pages>5713</pages><dates><year>2008</year></dates><pub-
location>U.S. Government Printing Office</pub-location><label>U.S. EPA Hazardous

1000 Air Pollution List</label><urls><related-
urls><url>htip://www.gpo.gov/tdsys/pkg/USCODE-2008-titled42/pdf/USCODE-2008-
title42-chap85 pdf</url></related-urls></urls><remote-database-
name>http://www.gpo.gov/tdsys/pkg/USCODE-2008-title42/pdf/USCODE-2008-title42-
chap85 pdf<remote-database-name><access-date>Accessed May 5 2014</access-

1005  date></record></Cite></EndNote>].

3.6 Energetics

None of the energetics and nitroaromatic compounds for the MK-90 rocket motors exceeded the
1010  analytical method detection limit (Table 3-12). Energetics were not sampled for the skid waste

due to time limitations. The ratio of the method detection limit (for the sampled emission factor)

to that of the HHRA emission factor resulted in eight overlapping compounds to be less than 1.1.

1015

1020

1025

Table [ STYLEREF 1 \s ][ SEQ Table \* ARABIC \s 1 ]. Energetics based on method detection
limit.
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gllirzc))cellulose <51 < SOSIE NV

1,3,5-

T’ril’*nitrobenzcne <11 < 1061E- 2 28E:05 <0é04
b

Il)’i3n-itrobenzene <t S 1061E- §,19E-06 <0.13
i‘ﬁ]’g;rotoluene <t C ]déE- 3.48E-05 <0é03
%ititrotoluene <11 ) IOQE_ 1.05E-04 <0001
Izifn-itrotoluene <t S 1061E 9.81E-07 <L
pitomene <11 e NV

2-Nitrotoluene <11 - 1()éE NV?

3,5-DNA <11 8 loéE NVe

3-Nitrotoluene <l ) 1()(1E NVe

Do <M e NV

4-Nitrotoluche <1l ) 1061E Nve

M <11 B éE 2.16E-05 <0i05
Nibobenzene <11 B éE 3.28E-06 <0.34
Nitroglycerin <11 ° B éE 3.07E-06 <036
PETN <27 © 202 = Nve

RDX <ir © ]O'éE' NVve
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1030

1035

1040

1045

1050

Tetryl <1.1 . NV

aNV =no value.
"Four samples for all encrgetics except nitrocellulose.

4 Conclusions

Aerial sampling methods for emission quantification of demilitarization efforts have only been
comprehensively in use since their first deployment in 2010. The logistical challenges
experienced in these earlier efforts and recent developments in UAV and sensor technology
prompted EPA’s Office of Research and Development to create a new system applicable for
sampling open demilitarization plumes. Working with pilots and a hexacopter from NASA
Ames, EPA/ORD demonstrated the first comprehensive test of a UAV-borne emission sampler
at RFAAP’s open burning grounds. Plume sampling of open burns of MK-90 rocket motors and
skid waste was successfully a¢complished with the UAV/Kolibri system based on the number of
plumes sampled (100%), the repeatability of the emission factors, and the comparability of the
emission factors with previous aerial sampling methods.

Emissions were sampled for PM, elements including metals, particularly Cr(VI), VOCs, dioxins,
and nitroaromatics. PMz s emission factors for MK-90s were within the range of three other
previously-documented sources. The majority of the metal emission factors, 17 of 24, were
lower than:those emission factors used in the HHRA. Cr(VI) emissions were 28% and 14% of
thetotal Cr emitted from the burns of the MK-90 and skid waste, respectively. Emission factors
were compared with other recently sampled, aerial emission data and found to be consistent or,
in some cases (for example, HCI) found to be considerably lower. Chlorate and perchlorate
emission were below detection limits. Dioxin emissions were less than 0.1% of the emission
factor found in the HHRA for skid waste and were similar to those values typically reported from
prescribed forest or biomass burns. Residual energetics and nitroaromatics for the MK-90s were
below the detection limit. Ofthe 26 compounds in common between detectable VOC emissions
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from Radford’s skid waste and the listed HHRA emission factors, 25 of the VOCs were less than
1055  the HHRA emission factor.
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1065  Appendix [ SEQ Appendix \* ALPHABETIC ]: Element emission factors

Table A-1. Elements analyzed for each sample collected in mg/kg initial source.?
Skid skid
MK90 MEK90 MK MK90 MEK90 waste waste

Date 49/27/16 B9/127/16 10/05/16 104157116 10/05/16 10/06/16 10/46/16
Element Buin i Burn23 Buml Buim 2 Burn 3 Burnl Buin i

Na mg/kg initial source 8 58F+02  924F+(2  1.06F+03  1.05F+03  6.66F+02  277F+01 4 32FE-0l
Na Unc. mg/kg initial source  1.16E+02  137E+02  1.62B+02 1.68F+02 132E+02 140E+01 .. f:6lBE+01

Mg mg/kg mnitial source  1.40E+02  1.66E+02  1.96E+02 1.86E+02 1.25E+02 1 91E-06  2092E-00

o

Mg Unc.  mg/kginitial source 1 99E+01 2S6E+01 289E+01 3.03E+01 245E+01 .1.20E+H00 1.43E+00

Al mg/kg initial source | S4E00 ND NI 133501 711D+00 NI ND
Al Une. mg/kg nitial source  4.13E+00  5.50E+00 6.43FE+00  6.72E+00  5.62B%00  6.11E-01  6.50E-01

Si mg/kg mitial source 1 56F+02  1.22B+02  1.66B+02  1.72B+02 1.39E+02  1.90B+01  2.27F+01
Si Unc. mg/kg initial source  1.02E+01 9.31E+00 1.18E+01  1.21E+00 . 987E+00 133E+00 1.52E+00

P mg/kg mitial source 3 &3F+00  220FE+00  406F+00  S9IE-00 5205400 43001 TU6E-0)
P Unc. mg/kg initial source  § 85E+00 2.30E+00 2.89E+00 +296E+00 239E+00 241E-01  2.80E-01
S mg/kg initial source ND ND NI3 ND ND ND ND

S Unc. mg/kg initial source 1 72E+02 1.49E+02 399E+01 1.93E+02 3.06E+01 1.76E+00 2.40E+00
Cl mg/kg initial source 4 38E+01  631E+01% EREEFU0 246B+01 7980400 7.08E+01  9.00E+01

Cl Unc. mg/kg imitial source 6 64E+00 9 41E+06:  673E+00  7.07E+00 S574E+00 3.70E+00  4.69E+00

K mg/kg initial source 3 34F+01  2:88F+40